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ABSTBACT 



This thesis presents the results of an experimental 
investigation of the finline horn antennas. Both near-field 
and far-field measurements were made for horns with 
different physical and electrical parameters- This revealed 
the influence of the various parameters on the radiation 
pattern and led to a design which appears to be close to the 
optimum with respect to gain and sidelobe levels. The appli- 
cation of these horns in a printed circuit monopuise 
comparator is also demonstrated. 
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I. IMTBODOCT IQH 



A. BACK6BOOHD 

Millimeter wave systems offer many advantages over 
microwave systems such as broad bandwidth, higher spatial 
and frequency resolution, low probability of interference or 
interception and small component size- The manufacturing 
and interfacing of conventional components at these frequen- 
cies can lead to tolarence problems. The integrated circuit 
approach at millimeter wavelengths offers great advantages 
in terms of design, low insertion losses, compatibility with 
hybrids IC devices, cost and transition to the waveguide 
instruments- Meier (Bef. 1] showed that many components 
like a wide band SPST switch, balance mixer, an endfire 
antenna and a four- port forward coupler could be manufac- 
tured using finline technology. 

This thesis investigates the possibility of using the 
near-field antenna testing technique to improve the design 
of the finline horn antenna and to optimize the gain. It 
also introduces a new concept, a finline monopulse compa- 
rator and presents the experimental results. 

1 . Electromaqne ti c Horn A ntennas 

An open-ended waveguide can act as an antenna at 
microwave frequencies with a very wide beam and low gain. 
Basically there is an impedance mismatch at the open-end of 
the waveguide with respect to free space. If the dimensions 
of the waveguide are progressively increased to create a 
considerably larger radiating aperture, a highly directive 
radiation pattern can be achieved. This type of antenna is 
called an electromagnetic horn. 
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Ihere are many types of horn antennas but Pyramid . 
and Sectoral are more commonly used and are shown in Figure 

1 - 1 . 

The pyramid horns start from a rectangular waveguide 
and are flared both in the E-plane and in the H-plane. The 
width of the radiating aperture in the H-plane is denoted by 
”4", and the height of the radiating aperture in the E-plane 
is denoted by "B”. The flared length of the horn in the 
H-plane is denoted by "Lh” and flared length of the horn in 
the E-plane is denoted by "Le" as shown in Figure 1.1(a). 

The sectoral horns are a special class of pyramid 
horns- These are flared either in the E-plane or in the 
H-piane. The terminology used for pyramid horns is also 
applicable to the sectoral horns- 

2, Finline H orn Ant ennas 

In finline, a dielectric substrate with metal strips 
on one or both sides is suspended in the E-plane of a 

rectangular waveguide. Sharma [Eef. 2] classified finline 
with metal on one side of the dielectric as unilateral 
finline and that with metal on both sides of the dielectric 
as bilateral finline. A bilateral finline is shown in Figure 
1.2. If the fins are made Vh, the open circuit from the 
waveguide opening should reflect back as a short at the edge 
of the fins. Thus, it can be modeled as a ridged waveguide. 

According to Meier [Eef- 1], if the dielectric in 

the E-plane of the waveguide is extended beyond the wave- 
guide open end and the metal strip is flared to a 

sufficiently large radiating aperture in the E-plane, the 

resulting antenna can produce a nice radiating pattern. This 
type of antenna nas the potential to mate with MIC's (micro- 
wave integrated circuit). Integrating an antenna witn a 
receiver can provide advantages in term of size, weight and 
production cost. Such integration is specially desireable. 
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Figure 1.1 Types of Horn Antennas. 
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The quarter uiavelength sections 
that reflect the opens at the top 
and bottom of the dielectric to 
apperant shorts across the tips 
of the fins (dotted lines). 
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Figure 1.2 Bilateral Finline. 



when a large number of antenna / receiver modules are 
required, as in a pnased array or multichannel direction 
finding system. 



B. BEL4IED HOEK 

1 - Near -fiel d A n ten na T esti ng 

Near-field antenna testing has not been very 
commonly used in the past to improve antenna design. At 
present only a few near-field measurement ranges are opera- 
tional, nut this technique appears to be heading for an 
exponential growth in the immediate future. 

Harmening (Sef. 3] presented the results of near- 
field measurement made on the AN/SPY-1 phase array antenna 
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at RCA Government System division in 1979. Stubenrauch and 
Nemell [Ref. 4] published the results of some of the near- 
field antenna measurements performed at National Bureau of 
Standards and they particularly mentioned the results of 
measurements made on a large microstrip phased array for 
space born synthetic aperture radar (SAfi) applications and 
also provided a comparison between far-field patterns 
obtained from conventional techniques and those calculated 
from near- field data. 

2. Finline H orn Ante n n a 

In the finline structure, longitudinal metal strips 
and dielectric layers are suspended in the E-plane of a 
rectangular waveguide housing to provide capacitive loading 
to the quasi TE10 mode. This loading widens the single mode 
bandwidth as in a similar structure, ridged waveguide. 
[ Ref. 1 ] 

Meier [Ref- 1] demonstrated that by extending the 
finline beyond the rectangular waveguide and flaring it in 
the E-plane, a suitable radiation pattern with sufficient 
gain can be achieved. The Ka band finline antenna reported 
by Meier had a gain of 13.5 dB. The half power beam widths 

were 44 deg. in the H-plane, and 27 deg. in the E-plane- A 

simple finline taper between the aperture and the waveguide 
feed provided an input VSWR of 1.8 across a 4.0 GHz band 
centered at 35.0 GHz. 

Musitano [Eef. 5] measured a series of radiation 
patterns for finline horns already designed by Prof. 
J.B.Knorr as shown in Figure 1.3. For different flare 
lengths and angles he measured gain and 3 dB beam widths in 
the E and H-planes. Most of the radiation patterns were 
unsatisfactory and did not have clear main beams and the 
side lobes were far too high. The radiation pattern of 

E-plane and of H-plane are shown in Figure 1.4 and Figure 

1.5 respectively- 




Figure 1.3 Finline Horn Antenna. 



C. POBfOSE 

The main purpose of this thesis is to perform near- field 
measurements on the finline horn antenna already designed by 
Prof. J.B. Knorr and to highlight the causes for the unsatis- 
factory far-field radiation pattern and using the near-field 
measurement onservation, redesign the finline horn antenna 
with a uniform phase front. A secondary purpose is, to 
combine two finline horn antennas with a finline magic-tee 
to form a oonopulse comparator ana demonstrate sum and 
difference radiation patterns. 
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2~Plane Badiation Pattern of Old Finline Horn. 

1 8 



Figure 1.4 
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Figure 1.5 H-Plane fladiation Pattern of Old Finline Horn. 
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II. THBOBY 



A. HEAB-FIELO AMTEHBA TESTING 



1 • Near-Fiel d T esting Process 



Near-field antenna testing is based on the accurate 
characterisa ton of the flF field (phase and amplitude) of an 
antenna under test over a measurement plane parallel to and 
displaced a few wavelengths from the antenna aperture plane. 
The RF field is measured by precisely positioning an EF 
probe at uniformly spaced points in the aperture plane. 
This near-field is then transformed by fast Fourier trans- 
form to an E- plane far-field radiation pattern. [Eef- 3] 

The area of the measurement plane is finite, and the 
resulting truncation of the measured RF field defines the 
maximum angles that will yield an accurate far-field 
pattern. A schematic relationship and far-field cutoff angle 
criterion for a planer near-field pattern range is shown in 
Figure 2-1. From Figure 2.1 



Qc 



-I 

tan 



(Lx-a) /2D 



(egn 2. 1) 



gc is the maximum angle to which far-fxeld patterns can be 
accurately determined. 

2 . Error Sourc es 

There are many error sources which contribute to the 
inaccuracy of the near-field measurement. These are 
discussed in the following paragraphs. 
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Heuurenent 

Plane 




i i 

Figure 2.1 Near-Field Pattern Range Geoaetry. 
a- Probe Position Error 

The main contribution to the total fractional 
far-field error is due to the probe position error. There 
are t«o type of probe positioning error, the first is out of 
plane displacement (z-direction) of the RF probe and the 
second is in plane horizontal <x) direction and / or vertical 
(y) direction displacement of the probe. The probe is modeled 
as neing at a point p+AP on the plane Z = d in front of 

the test antenna. There exists an error pattern due to the 
difference between the desired near electric field at the 
point <p,d) and the field actually measured by the probe at 
the point (p«-AP, d+Ai) as given by: 






The displacement of the probe from a measurement plane at 
the instant of measurement will cause an error in phase as 
well as in magnitude, which in turn when transformed to 
far-field pattern will introduce error which is a function 
of antenna frequency, aperture size, illumination function 
and gain. In the near-field measurement, probe positioning 
is so critical that Warmeaing [Ref. 6] suggested probe posi- 
tioning by Lasers for precise near-field measurements. 

b. Probe Pattern Errors 



The probe that measures the near-field of an 
antenna possesses a response which weights the field of the 
probe over its volume to produce a net signal and this can 
introduce some error when transforming the near-field meas- 
urement to the far-field pattern- There are many different 
ways to overcome this error. H uss [Ref. 7] suggested tnat if 
the probe antenna characteristics are known then probe 
pattern correction should be applied when transforming the 
near-field measurements in to far-field pattern or the sepa- 
ration distance between the measurement plane and antenna 
face should be increased to several wavelengths to avoid any 
probe pattern error. 

The probe pattern is more important for small 
probes and when the measurement plane is within 1-2 wavel- 
engths from the antenna face- 



c. Probe Polarization Error 

The probe's output not only depends upon its 
position on the measurement plane but is also a function of 
its polarization- If the polarization of the probe and the 
antenna are not matched, the probe will not respond to all 
the field present at that point. It is hard to know the 
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polarization of the probe and the antenna both before hand. 
Hammening [Bef. 6] suggested that if it is assumed that the 
probe and antenna are not well matched, two separate scans 
with the probe mounted in the co-polarized and cross- 

polarized configuration should be performed. This would 

double the scan time and increase data reduction time. Then 

data from both scan polarizations as well as from probe 

calibration (if any) should be combined to obtain final 
antenna RF performance. 

d. Multiple Reflections 

The determination of test antenna radiation 
pattern from near-field measurement assumes that the meas- 
ured data does not include multiple reflections from the 
near by objects or testing probe etc. Both amplitude and 
phase variations arising from multiple reflections can mask 
the desired field distribution along the scan plane. This is 
particularly true for a probe / test antenna separation 
distance on the order of one wavelength and for frequencies 
where the probe becomes electrically large. Grimm [Bef. 8] 
suggested that error due to multiple reflections could be 
avoided either by increasing the probe to test antenna sepa- 
ration distance or by averaging several sets of near field 
data taken at various multiples of separation. 



e. Instrumentation Errors 



A final source of far-field error 
imprecision of the near field test instruments. 
Grimm [Bef. 8], typical microwave receivers 
phase to within 0.05 deg for maximum amplitude 
within 0.5 deg when the EF signal amplitude i 
from the maximum. Such a small phase variatio 
negliqibe error to the far-field pattern. H 
typical receiver's inability to measure 



is due to the 
As stated by 
measures EF 
input and to 
s 20 dB down 
n contributes 
owever, the 
RF amplitude 
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accurately contributes significantly to the far-field 
pattern error. 

B. BCBM AHTEHHiS 

The standard electromagnetic horn can be used either as 
a primary antenna or as a reflector feed driven from a wave- 
guide. Horns are flared in the E and or H- planes according 
to the design requirements. When the energy is transmitted 
from the horn there may or may not be a reflection of 
energy. A reflected wave will inevitably disturb the inci- 
dent wave and give rise to a standing wave. If this ratio is 
equal to 1 , there is no reflected energy; i.e all the energy 
provided by the waveguide is transmitted into space by the 
horn and there is a perfect impedance match of the hern with 
free space. From the Reciprocity Theorem, it follows that 
under such circumstances, all the energy arriving from free 
space and entering the horn will be passed to the waveguide. 
The horn may therefore be considered as a transformer 
between waveguide and space. 

The mouth of the horn is a radiating aperture and the 
the radiation from this aperture would depend upon the 
distribution of amplitude and phase in the aperture plane- 
In fact, it is more complicated because the external walls 
of the horn contain currents which influence the far-field 
radiation pattern. Therefore it is very difficult xf not 
impossible to make precise calculations. For horns with 
large aperture, it is the amplitude and phase distribution 
of the aperture field which has the predominating influence 
on the radiation pattern. For horns with dimensions which do 
not exceed one or two wavelengths the effect of currents 
circulating on the external walls becomes appreciable. 
[Ref. 9] 
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The field variation across the aperture of an electro- 
magnetic horn is similar to the field distribution of the 
TE1 0 mode across a rectangular waveguide. The field ampli- 
tude distribution is uniform in the E-plane and obeys 
approximately a cosine law in the H-plane. If we consider 
the aperture of a horn in the H-plane the field intensity is 
maximum at the center of the horn and falls gradually to the 
sides and at the side wall of the horn, the field vanishes. 
Therefore we can define the aperture of a horn in the 
H-plane in another way; half the radiatxng aperture (A/2) is 
equal the distance from the point of maximum field amplitude 
to the point where the field amplitude becomes sufficiently 
negligible. 

According to Thourel [Eef. 9], the beam width in the 
E-plane and in the H-plane for a regular horn antenna can be 
approximated by 51* VB and 69* A/A respectively. 
According to Ghandi [fief. 10; p. 140] for the optimum design 
the gain of a pyramid horn can be approximated by 
0. 5*4TT * (AB/;?' ) , the gain of a sectoral horn flared in the 
H- plane can be approximated by 0.63*4T1 *(AB/>'“ ), and the 
gain of a sectoral horn flared in the E-plane can be approx- 
imated by 0.65*4TT * (AB/jT ) . The constant terms 0.5,0.63 

and 0.65 are illumination factors. Therefore, the gain of 
any pyramid or sectoral horn can be approximated by 

Gain = (constan t) * 4TT* (AB/;?* ) (egii 2.2) 

where the constant is the illumination efficiency. 

Equation 2.2 can also be written as 

Gain = C * (eqn 2.3) 

where C = (Illumination efficiency) * uTT . 
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Finline Horn Antenn a 



The theory and design considerations for a finline 
horn are not altogether different from those for a standard 
electromagnetic horn. For the standard electromagnetic horn 
the medium of propagation is air , where as in the finline 
horn the medium of propagation is partially dielectric 
material and partially air. 

Basically the finline horn is fed from a slot and 
the slot can be transitioned from waveguide, coaxial cable 
or from another microwave device e. g. finline magic-tee, 
depending upon the design requirements. The width of the 
slot is very critical. If it is fed from a coaxial cable it 
should match the impedance of the coaxial cable, if it is 
fed from another microwave device it should match the 
impedance of that device and if it is transitioned from a 
waveguide, then the width of the slot is a variable param- 
eter. The waveguide can be matched to the desired width of 
the slot by taper design as described by Adalbert and Ingo 
[Ref. 11 ]. 

In addition to the slot width, the height of fins in 
the waveguide is also an important factor in the design of 
finline horns. For the ideal design the height of fins 
should be A/2, so that the short from the waveguide wall 
should reflect back as a short at the edge of the fins. In 
that case the finline can be modeled as a riged waveguide. 
The ideal design requirement for the slot width and the fin 
height are difficult to meet, but through suitable selection 
of dielectric material both conditions can be satisfied- If 
under some circumsta nces the condition of A/2 for fins can 
not be satisfied, then the finline cannot exactly be modeled 
as a ridged waveguide but it can be visualized as two fins 
in the waveguide and most of the field will concentrate 
between the fins depending upon the dielectric constant of 
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the material. In our experiment, we will consider finline 
horn driven with different slot widths and discuss the 
results obtain from these changes. 

For the finline horn, we have physical control of 
the flare length, flare angle and radiating aperture in the 
E-plane, but we have no physical control on the parameters 
in the H-plane. However by using different dielectric 
material, we can control the effective aperture length in 
the H-plane. 

As mentioned in the preceding paragraphs, half of 
the radiating aperture (A/2) in the H-plane can be defined 
from the maximum field strength point to the point where the 
field becomes negligible. If we use the higher dielectric 
constant material, more field will be concentrating in the 
dielectric and the point of negligible field strength will 
move closer to the center, thereby reducing the aperture 
size in the H-plane. Therefore, we can control the radi- 
ating aperture in the H-plane by using different dielectric 
materials. Mathematically we can define the H-plane radi- 
ating aperture (A) by the following equation, 

Xe. Xt, 

A = K1 * 1 / (Er) or A = K1 * 1 / (Er) (eqn 2.4) 

where K1 and K2 are constants. 

Now considering the simplified gain equation of 2.3, 
we know the physical dimensions of B/\ of the finline horn 
and we can approximate the dimensions of A/\ from Equation 
2.4 . If we substitute the A/\ from Equation 2-4 into 
Equation 2.3 , we get 

Sain = cl * -r ^ (eqn 2.5) 

A ^ (S-i^ 

Where Cl and C2 are constants. 
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If by some means we can find the values of the 
constants Cl and C2, then we can approximate the gain of a 
finline horn antenna. We will use the experimental approach 
to find the values of Cl and C2 in the next chapter. 
Similarly the beamwidth in E and H-planes can be approxi- 
mated by K1*A/B and K2*(Er) respectively and constant terms 
can be found from the experimental results. 

2 . De^gn Q.o^i deratio ns ^r the £inli ne Horn Antenna 

Ihere are many design parameters which need to be 
considered for the design of a finline horn antenna. In the 
following paragraphs we will discuss each one of them. 

Given the gain and beamwidth of the finline horn 
antenna, we need to calculate the flare length (Le) , flare 
angle, radiating aperture (B) and Er. The flare length is 
normally defined in terms of number of wavelengths in the 
dielectric. The Le normally depends upon the gain we want 
and how long a horn antenna we can afford to make. A series 
of curves for different Le's has been shown by Jasik 
£Eef. 12:p. 10-6]. These curves are plotted for h/^ vs 
Ge* (x/a) . For a specific le, the Ge* (>/a) increases with 
an increase in h/x and reaches an optimum value and any 
further increase in b/x beyond the optimum value decreases 
the Ge* (>/a) . As mentioned previously, we have no physical 
dimensions in the H- plane, however we have established an 
equivalence in terms of dielectric constant. He can still 
use these curves but cannot calculate the exact gain. One 
might consider taking h/x for the optimum value, but tnis is 
not always the best solution because in addition to high 
gain we need a well defined main beam and low side lobes. 
Jasik [ Eef . 12; p„ 10-4] shows the universal radiation 
patterns in the E and H-planes. These Figures have ceen 
replotted in Figures 2.2 and 2.3. As shown in Figure 2.2, 
for lower side lobes we need to have a lower value of 
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maxinium phase deviation in wavelength (S) , which is defined 
by 

S = i* / (8 ♦ A ♦ Le) (egn 2-6) 



Where B is radiation aperture in E-plane 
Le is flare length in E- plane 
and A is wavelength in air. 

From Figure 2.2, we can see that for a good radiation 
pattern, we neea to have S < 0,125. A higher value of S will 
give a completely distorted radiation pattern. These curves 
of Figures 2.2 and 2.3 are for design of regular horn 
antennas- Now the question arises as to wether we can use 
these curves for a finline horn and if so wether we should 
take the wavelength in air or dielectric. He will show in 
our experiment that these curves are still applicable. He 
sould use the wavelength in air for calculation of S because 
when waves leaves the radiating plane they are in the air. 
The Figure 2.3 shows the universal radiation patterns in 
the H-plane. These patterns are also functions of maximum 
phase deviation (in wavelengths) in the H-plane. Maximum 

I 

phase deviation in wavelengths (T) is defined by 



T = 



& 

A / 



(8 ♦ A * Lh) 



(eqn 2.7) 



Hhere A is radiation aperture in H-plane 
Lh is flare length in H-plane 
and A is wavelength in air. 

In equation 2.7, most of the terms are unkno 
of a finline horn. He can see from Figure 2.3 
case also a lower value of T is desireable. 
higher value of T will not seriously distort 
out will give a wide pattern, which can be 
suitable choise of dielectric material. 



wn in tne case 
that for this 
However, a 
the pattern, 
controlled by 
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From the above paragraphs we can concluded that 
radiating aperture (B), flare length (Le) , flare angle and 
Er are interrelated and they need to be carefully selected 
according to the design requirements, 

3- Uniform Phase Fron t Finlin e Horn Ante nna 

The radiation from an aperture is governed by the 
distribution of the fields on it. A reflector may be consid- 
ered as an aperture, and its radiation pattern is governed 
by its illumination. In the most general case this illumina- 
tion is supplied by the horn radiating towards the 
reflector. The distribution of the field at the aperture 
thus depends upon the shape of the horn’s radiating plane. 

Tne field distribution at the aperture of a regular 
horn antenna is quite difficult to change. However, some 
methods have been discussed by Ihoural [Hef. 9]. In the 
case of a finline horn antenna, the field distribution at 
the radiating aperture can very effectively be varied. 

Under normal circumstances the field distribution at 
the aperture has a semicirclar shape and the direction of 
propagation is perpendicular to the field. If we visualize, 
we have a diverging field. To achieve a uniform phase front 
at the radiating apertu.’pe, then the field must be 

propagating parallel to the Z-direction. In the following 

paragraphs, we will discuss a method to ontain a uniform 
phase front on a finline horn antenna. 

For a uniform pnase front, basically what we want is 
to slow down the field in the center or make the field at 

the edges to go fast, so that at the horn moutn, ail the 

wave elements have the same phase. This can be done in 
several ways. One of the methods we considered was to drill 
noles in the dielectric edges to make the wave move faster 
on the edges and gradually slow down in the center. This 
concept is guxte difficult to implement because it is hard 
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Figure 2.2 



Universal Badiation Pattern in E-Plane 
(After Jasik, ref. 12). 
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Figure 2,3 Oaiversal Eadiation Pattern in H-Plane 
(After Jasik, ref, 12), 
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to calculate the exact size, numbers and position of the 
holes. The second method we considered was to extend the 
dielectric beyond the horn mouth in a particular shape, so 
that the waves in center should keep on moving at the speed 
in the dielectric and at the edges the wave should move at 
the speed in the air and in some plane in front of the horn 
antenna, the field will have a uniform phase front. 




Figure 2.4 Finline Born Antenna with Oniform Phase Front. 

Ihe finline hern antenna with extended dielectric is 
shown in Figure 2.4. Where plane acb is the aperture plane, 
the curve adb is a constant phase surface, and curve aeb is 
the extended dielectric shape to produce a uniform phase 
front at an imaginary plane xey. If we carefully visualize 
the figure 2.4, we are introducing a converging lens in 
front of the aperture plane. 
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The lens theory is not a new concept. It has neen 
previously considered by Fradin [ Eef . 13], but he put a 
particular shape of dielectric in the mouth of the regular 
horn antenna in order to change the phase front in a desired 
way. In that method the wave was transitioning from air to 
dielectric and back to air. In the finline horn antenna, we 
are extending the dielectric and it is the shape of the 
dielectric which produces the uniform phase front at an 
imaginary plane. In the following section we will derive the 
eguation to calculate the precise length of extended dielec- 
tric beyond the aperture. 




Figure 2.5 Geometry of Oniform Phase Front. 

The finlxne horn antenna is symmetrical about its 
center axis, therefore we will only consider half as shown 
in Figure 2-5- Here L is the flare length from origin to the 
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is the flare angle. 



constant phase surface, is the flare angle, ey is the 
uniform phase surface, P is the length of the extended 

dielectric at the center, Q is tne racial length from edge 
of horn to the uniform phase front and b is the radial 
length of the extended dielectric at an angle 

He need to calculate the radial extension (b) in 
terms of angle from the origin. In order to obtain a 
uniform phase front at plane ey as shown in Figure 2.5, we 
need to make the distances p , Q and a + b electrically the 
same. It was assumed during these calculations that inci- 
dent field at the edge of dielectric is perpendicular to tae 
dielectric shape, therefore reflection can be neglected. 



Q = 



hr = a + b JTr 



(egn 2.3) 



From triangle oye of Figure 2. 5, 



L+P=(L*C)* CCS (d) (eqn 2.9) 

Substituting P in term of Q from Equation 2.8 in Equation 

2.9. 

L ♦ P = ( L ♦ * COS (Jn) (eqn x. 10) 

From Equation 2.10, 

( l-COSc^ O 

p - # L (egn 

(^ErCOSdk -1) 

This will give us the maximum height of dielectric 
center. In order to calculate the heignt "b" in 
angleft From triangle oze of Figure 2.5, 

( L ♦ P) = ( L «■ a <■ b ) * CCS(p>) (eqn 2. 12) 

where 0 ^ ^ ^ 



2 . 11 ) 

at the 
term of 
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FroiD Figure 2.5, when 0 
R = L*-P orb = P 



and wien ^ 

R = L or b = 0 



From Equation 2.12, 



a + b “ 



L( l-COS ^3) + P 

cos"^ 



(egn 2. 13) 



From Equation 2.8, we know that 



a + bj £r 




(eqn i. 1 4) 



Solving simultaneously tne Equation 2.13 and Equation 2.14, 
we get 



L(l-COSp) + PCI-JEtCOSP) 

b p=. (eqn 2.15) 

COS^ ( 1-i^) 

SuDStituting value of ? from Equation 2.11 into Equation 

2 . 15 , 



computer, which can draw tne exact shape of the extended 
dielectric for the uniform pnase rront. 

C. flONOPDLSE HADAE AKTENNAS 

The typical aonopulse radar antenna system consists of 
four identical reflector feeds, interconnected with three or 
more magic-tees. The signals to and irom tne four feeds are 



b - 



( 1-COS ^ ) + 



< 1- /EtCOS ^ ) ( l-COSc<v ) 

(IfrCOs'i - 1 ) 



* L (eqn 2. lo) 



COS^ ( 1-]^) 



This formula for "t " can be evaluated in some 
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added and subtracted in various combinations to produce 
three outputs. 

All four of the feeds are summed together in phase to 
produce the sum channel. This signal is connected to the 
radar via a traditional T/R (transmit/receive) device. 

The two difference channels provide the tracking infor- 
mation. The elevation port developes the difference of the 
upper and lower feeds, while the azimuth port produces the 
difference netween the left and right elements. If a mono- 
pulse antenna is pointing exactly at a target there will be 
a strong signal in the sum channel and ansolutely no signal 
in either tne elevation or azimuth channels. The null in the 
difference channels is the result of shifting two identical 
signals 180 degrees from each other, and then adding them 
together. The phase shifting and addition is accomplished in 
the magic-tees. 

The radar return from a target that is slightly left of 
the mcnopulse antenna extended center line will reach the 
left elements of the antenna before it reaches the right 
elements. This will produce a slight phase shift between the 
two returning pulses in the azimuth channel. 

With this alignment, there will not be complete cancel- 
lation after the two signals are shifted by 180 degrees and 
then added. The resulting "difference” signal will increase 
in amplitude and shift in phase as the target gets farther 
away from the antenna boresight. There will also be a 180 
degree phase shift in the difference channel as a target 
crosses the antenna boresight. [Ref. 14] 

Since the null in the difference port can only occur 
with exact target/ antenna alignment, it signifies the exact 
center of both the sum and difference antenna patterns. 

When this information is combined with range data, the 
target’s location can be limited to an arc on the plane that 
bisects the two halves of the antenna. The point where the 
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elevation and azimuth arcs cross, is directly 
the antenna. The line between the monopulse ant 
point is commonly referred to as the bores 
antenna . 

If the outputs of the difference channels 
while a target is within the main beam of the 
the target can be classified as exactly center 
left, a little right, a little low, a littl 
comnination of these directions. 

As defined by Skolinik [Ref. 14]^ both 
phase comparison monopulse systems use the 
difference signal to determine which side of 
target is on. The amplitude comparison system u 
tive amplitude of the difference channel (as co 
sum channel) to determine how far a target 
extended center line, while the phase compa 
obtains this information from the exact phase o 
ence channel. 

These technigues were initially called 
lobing, since all four lobes are sampled due 
every returning radar echo. The trait of 
complete tracking solution in only one pulse, f 
the current designation of "Monopulse**. [Bef. 

Earlier tracking radars such as conical 
lobe switching systems required numerous puls 
the same information. The accuracy of these 
was often degraded by tne pulse to pulse amp 
tions. Monopulse systems, which are free of dis 
achieved tracking accuracies of 0.003 degrees. 

Two popular forms of amplitude comparis 
antenna systems are illustrated in figures 
[Ref. 14] 
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Square Monopulse Feed, ujith -four Horns, 
and four Magic-Tees. The Sum Port is 
connected to the Transmit/Receive Device. 
The Difference Ports provide inputs to 
the Target Tracking Circuits. 

I 

I 

I 



Figure 2-6 Square Monopulse Feed. 
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Diamond Shaped Monopulse Feed, with four 
Horns, and three Magic-Tees. The Sum Port 
Is connected to the Radars Tr ansm 1 t/Rece 1 ve 
device. The Difference Ports provide Inputs 
to the Target Tracking Circuits. 




Figure 2.7 Diaaond Shaped Moaopulse Feed- 
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III. EXPEflia SNT 



A. N EAR-FIELD ANTENNA TESTING 

For the near-field antenna testing, the first thing 
required is some sort of mechanism to hold the test antenna 
in a fixed position and to position and move the measurement 
probe precisely in steps, parallel to the antenna aperture 
plane. The test-bench made for this purpose is shown in 
Figure 3.1. This test-bench was made mostly of wood, except 
the slotted line , which was used for positioning the meas- 
urement probe. During measurement, the test-bench was 
completely covered with echosorb to avoid any reflection 
from nearby objects / instruments. 

The following test equipment was used to complete the 
near-field test set-up. 

1. HP 9845B Computer with 11863E software. 

2. HP 8409C Vector Network Analyzer. 

3. Designed Test-Eench. 

The complete set-up is shown in Figure 3.2. The most 
important piece in the set-up is the network analyzer. The 
network analyzer measures the reflected and / or transmitted 
power and displays it as the S-parameters of a 2-?ort 
network. This equipment is controled by the HP 98453 
computer using 11863E software. 

The finline horn antenna shown in Figure 1.3 was fixed 
on the test bench as shown in Figure 3.1, such that its 
E-plane was parallel to the ground and to the S-band slot- 
line used for probe positioning. A very small loc? antenna 
was used as a measurement probe, wnich was considered the 
best possinle choice. The antenna was connected to cne 
networx analyzer unknown port and the measurement prone was 




Figure 3.1 Hear-Field Measurement Test- Bench. 

connected to the transmission port as shown in Figure 3.2. 
The system was calibrated to measure S21, the transmission 
coefficient at the particular probe position. 

For near-field measurement, the number of measurements, 
step size for measurement and the separation distance 
between tne test antenna and measurement plane are very 
important, 'when transforming from near-rield measurements to 
the far-fierd pattern, the number of measured samples should 
be a power of 2 and if the number of samples is not a power 
of 2 , it should be padded up with zero’s to make the total 
samples equal to the required number. The measurements were 
made at 10.0 GHz, w hicn gives tne wavelength of 30 mm. In 
our set-u? the size of the proce was quite small and 
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Rntenna Measuring 

Under Test Probe 



Figure 3. 2 8ear-Field Measurement Set-up. 
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decided to chose a separation distance of 5 mm, which was 
much smaller than the wavelength. When N discrete near- 
field measurements are transformed to obtain the far-field 
pattern, it gives N discrete points of the far-field, and 
these points are converted to far-field pattern with the 
following equation. 



X’ 



_ 

N *SS 



(eqn 3. 1) 



where Q is the beam angle, 

N is total number of near-field measureme 
n is the far-field discrete point number, 
and SS is the step size. 

The visible limits for any far-field pat 
deg., if we want far-field pattern up to vis 
then n = N / 2 and Q = 90 deg., if we substi 
Equation 3.1, we get SS ^ A/ 2. The test ant 
near-field measurements had an aperture of 
elected to use 5 mm step size in order to nave 
urements to transform. 

The slotted line used for probe pos 
accurately positioned parallel to the antenna 
measurements were taken on either side of the a 
with a step size of 5 mm apart, which gave 
plane of IbO mm. Substituting these values in 
2.1, gives the far-field limits of ±80.2 deg. 

During near-field antenna testing, to avo 
pattern and / or probe polarization error, w 
take the same measurements by turning the p 
different positions, two in the co-polarizati 
two in the cross- polarization plane. Throughou 
"loop 0 deg." is the probe in the co-polarizat 
"loop 180 deg." is also the probe in the co 
plane but 180 deg. shifted from "loop 0 deg. 
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position. Similarly the "loop 90 deg." is the loop in the 
cross-polarization plane and "loop -90 deg." is also the 
prohe in the cross-polarization but 180 deg, shifted from 
the "loop 90 deg." measurement position. "Loop 0 deg." and 
"loop 180 deg." measurements are vectorally added to compen- 
sate for any probe pattern error. "Loop 90 deg," and "loop 
-90 deg." measurements are vectorally added to the "loop 0 
deg." and "loop 180 deg." to compensate for any probe 
polarization error. 

The near-field data (phase and amplitude) from each of 
the four scans was then input to a program written for IBM 
main frame computer, which calculates the resultant from the 
measured data. It also normalizes the phase and magnitude 
with respect to the highest value, and performs the fast 
Fourier transform on the resultant in order to obtain the 
far-field pattern. The listing of the computer program is 
included as Appendix C. 

The normalized magnitude of measured and resultant field 
IS shown in Figure 3.3 and the phase of the measured and 
resultant field is shown in Figure 3.4. From Figure 3.3 it 
can be seen that resultant field is mainly function of the 
field in the co-polarization plane and the cross- 
polarization field contributes negligibly to the resultant, 
therefore for the calculation of the resultant field, the 
cross-polarization measurements need not be considered. If 
we carefully visualize the magnitude of the "loop 0 deg." 
and "loop 180 deg." measurements in Figure 3.3, it can be 

seen that the "loop 0 deg." measurement are mirror image of 

the "loop 180 deg." measurements, cut their peaks are not 
aligned and are not symmetrical about origin. It can also 
ce seen from Figure 3.4, that there is a phase shift between 
the measurements. Since the test antenna is symmetrical and 
we expect to have symmetrical field distribution aoout the 

origin, it will be more reasonable to ta xe only 



one 



measurement in the co-polarization plane and then add the 
mirror image of the same measurement ny aligning the peaks 
of the magnitude. This procedure will be more accurate and 
will eliminate any probe pattern error. The normalized 
magnitude of measured and resultant field obtained with this 
procedure is shown in Figure 3.5. The measured, resultant 
and theoretical phase of an electromagnetic horn as 
explained by Jordan and Balmain £Bef. 15 ] is shown in Figure 
3.6. 

B. OESEBVATIOM OF NBAB FIELD HEASDREHEHT 

It was observed during the near-field measurement that a 
slight movement on the top or bottom of the antenna greatly 
changes the amplitude of the field, which clearly shows the 
fact that field was also radiating from the top and bottom 
of the dielectric. 

Comparing the resultant phase with the theoretical phase 
shown in the Figure 3.6, it can be seen tna t theoretical 
phase shifts parabolically to the sides, whereas the resul- 
tant measurea phase only approximates this shape. The phase 
deviations across the aperture contribute to loss of main 
beam gain and an increase in sidelobe levels. 

Fourier transform of the near-field measurements was 
converted to a far-field pattern using the Equation 3.1. 
Far-field pattern was not very accurate because it was was 
being predicted with only 11 points, therefore it did not 
have the resolution. 

C. BEDESIGH OF FIHLINE HOBN 

In this section, we will improve upon the design of the 
finline horn antenna and discuss the different parameters 
which can effect the performance of the finline horn. As a 
first step to stop the radiation from the top and oottom of 
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Near-Field Normalized Magnitude. 
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Figure 3.3 
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Figure 3-4 



Near-Field Measured Phase. 
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Figure 3.5 Modified Near-Field Normalized Hagnitude. 
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Figure 3-6 flodified Near-Field Phase. 



50 



the antenna through the dielectric, we decided to make the 
metallic flared strip throughout of uniform width. The strip 
width can be made so that the open from the edge of 
the fins should reflect back as a short or it can be made 
/V2 in which case we put a copper tape on the outer edge of 
the fins so that the short at the outer edge reflects back 
as a short at the fins inner edge. 

The new design of finline horn antenna with some of the 
variable parameters is shown in Figure 3.7. In addition to 
the parameters shown in Figure 3.7, the dielectric constant 
of the material and the maximum phase deviation in wavel- 
engths, (S) , also influences the far-field radiation 
pattern. For the initial design, we selected Er = 2.54. witn 
this dielectric constant it was not possible to obtain a fm 
height of A/2, as explained in preceding section, therefore 
we had choice of selecting the different slot width and to 
find the optimum size of slot from experimental results. 
The slot was matched to the waveguide by a taperl design. 

A computer program was written on HP 9845,; computer, 
which draws the outline of finline horn antennas with tae 
specified parameters and uniform phase front on a HP 9872C 
plotter. This drawing can then further be used for etching 
of the horn antenna on the substrate. The listing of the 
program is included as Appendix B. A finline horn antenna 
with test fixture is shown in Figure 3.3. 

The technigue of optimization by trial and error was 
used to find the best design of the finline horn antenna. 
The different designs of finline horns fabricated and tested 
are listed in table I with their parameters and some of the 
finline horn antennas tested are shown in Figure 3.9. 

A Microiine 56X1 regular standard gain horn was used as 
a reference, to compare the shape of the radiation pattern 
and calculate the gain of the finline horns. Most of our 
radiation patterns were taken at 10.0 GHz, the Microiine 
56X1 had a gain of 16.2 dB at this frequency. 

5 1 




Figure 3.7 New Design of Finline Horn Antenna. 
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Figure 3.8 Finline Born Antenna with Test Fixture- 

D. BESDLTS FOE FIHLiaE HORN ANTENNAS 

In this section, we will discuss the results of tie 
far-field radiation patterns obtained from the difrer-at 
designs of finline horn antennas and to find out tne effect 
of different parameters over the performance of the finline 
horn antenna. 

Before considering the radiation pattern, it is inc^or- 
tant to mention a few possible ractors whict nouia 
contribute to the asymmetry of the measured pattern. 

The layout or the radiation chamber is shown in Figure 
3.10. It can be seen that the chamcer is not symmetricai and 
particularly, at *36 degree beam, tne test antenna f ices a 
snarp corner and at -36 degree beam, the test antenna faces 
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TABLE I 

DIFFERE3T DESIGN OF FINIINE HORN ABTEENAS 



Finline Le= 


N* d 




Flare 


Slot 


Strip 






Hern 


N 


Le 


B 


Angle 


Width 


Width 


S 


Zr 


A 


5.5 


(mm) 

103.5 


in 


an 


ira 


i/4 


0.26 


2.54 


E 
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88. 0 


47. 20 


2, 50 
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0.47 


2. 54 
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5.0 


94.1 


72.0 


45. 00 


2. 50 


>/4 


0,37 


2.54 
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5.0 


94.1 


72.0 


45. 00 


2- 50 


V4 


0,37 


2. 54 
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5.0 


94. 1 


72.0 


45. 00 


2. 50 


>/2 


0.37 


2-54 


F 


8.0 


150.6 


47.6 


18. 20 


2. 50 


V2 


0.10 


2. 54 


G 


10.0 


18 8. 2 


53.0 


16, 20 


2. 50 


>/2 


0.10 


2.54 


HI 


8.0 


150.6 


47.6 


18. 20 


1.60 


V2 


0. 10 


2. 54 


H2 


8.0 


150.6 


53.3 
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Figure 3-9 



Same of the Finline Horn Antennas Tested 




a straight wall. Therefore at this angle, there will be 
asymmetry in the measured radiation pattern. Secondly the 
absorber used to avoid reflections from the chamber walls is 
of very poor quality and when the test antenna is facing 
toward the side walls, it receives a high reflection which 
results in false side lobes. 



Transmitting 




Figure 3.10 Layout of Badiation Chamber. 

The X-band slotted line used as a shield for the feed to 
the finline horn antennas is also not symmetrical. 
Therefore, it might contribute to some extent to the asym- 
metry of the measured radiation patterns of the finline horn 
ant ennas. 

The far-field radiation patterns of finline horn 
antennas and the return loss of some of the antennas are 
included in Appendix A. 
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Figure A. 1 shows the E-plane radiation pattern of the 
finiioe horn "A” with uniform phase design. It had a gain 
of 12.2 dB and E-plane beam width of 22.0 degrees but it haa 
high shoulders. Figure A. 2 shows the E-plane radiation 
pattern of finline horn ''A" without uniform phase design. It 
had a gain of 10.2 dB and E-plane beam width of 24.0 
degrees. It can be seen from these two Figures that the 
uniform phase design increases the gain by several dBs and 
narrows down the beam in E- plane. The amount of increase in 
gain depends upon the radiating aperture and is not a fixed 
num ber. 

The Figure A. 3 shows the radiation pattern of finline 
antenna "B", the far-field pattern of finline horn antenna 
"B" had very high side lobes as compared to the radiation 
pattern of finline horn antenna "A". This is due to the fact 
that finline horn "B" had a large aperture and a nigher 
value of S as compared to the finline horn antenna "A". 

7*he radiation pattern of finline horn ''C is shown in 
Figure A. 4, its sidelobes are also guite hign as compared to 
the finline horn "A” . The finline horn "C” and "D'' had same 
parameters except that the finline horn "D" had a wide feed 
line slot width as compared to the finline horn "C”. It can 
be seen from tne radiation pattern shown in Figure A. 5, that 
the side lobes are even higher then the main beam. By 
inserting a piece of echosorb in the opening of the wave- 
guide feed the sidelobes can be reduced as shown in Figure 
A. 6. This indicates that wide feed line slots cause pattern 
degradation due to secondary radiation from the end of the 
feed lineshield. By inserting the echosorb in the moutn of 
the waveguide, the radiation from this source was stopped 
and the radiation pattern achieved with this c onf riguration 
was determined only by tne finline horn antenna. But the 
finline horn "C” still had a better pattern as compared to 
the finline horn "D". 
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The finiine horn "E” had the same parameters as finline 
horn ”D” except that the horn "D" had a flare strip width of 
^4 and the horn "E” had a strip width of V2 and copper tape 
on the outer edge to create an electrical short. The finline 
horn "E” also had a wide slot width- The radiation patterns 
of finline horn "E” with and without the echosorb in the 
waveguide are shown in Figures A-7 and 4.8 respectively. 
Comparing the patterns of finline horn "D" and **E”, it can 
he seen that finiine horn ”E" had better radiation pattern 
as compared to the finline horn 

Summarizing the results of the far-field patterns of 
finline horns A,B,C, D and E, for lower side lobes, a lower 
value of S is desired, of the order of 0.1 or less. A slot 
width of 2.5mm gives better results as compared to a slot 
width of 5.0mm because the field concentrates in the slot. A 
flare strip of A/2 works better than a flare strip of A/4 
because it provides a positive short at the outer edge and 
reduced radiation leakage from the edges of the horn. 

The finline horn ”F" was made with the optimum parame- 
ters obtained from the preceding results, with 3=0.1, slot 
width of 2.5mm and flare strip width of A/2 with copper tape 
on the outer edge and flare length of 150.6mm (Le=8*Ad) , 
which gives a radiating aperture of 47.6mm. The S-plane and 
H-plane radiation patterns are shown in Figures A. 9 and A. 10 
respectively. It can be seen from these Figures that the 
finline horn ”F” had a very clear radiation pattern with a 
well defined main beam, gain of 10.7 dB and E-plane beam 
width of 26.0 degrees. H-plane beam width of 36.0 degrees. 
Side lobes were approximatly 13 dB below the main beam in 
the E-plane and 9-10 dB below the main beam in the H-plane. 

Tc further improve the gain of a finline horn , we 
increased the flare length to 188.2mm (Le=10*Xd) to achieve 
a wider aperture while keeping the other parameters the same 
as for finline horn ’’F”. The E-plane and H-plane radiation 
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patterns of finline horn "G" are shown in Figures A. 1 1 and 
A. 12 respectively. It can be seen from Figure A. 12 that it 
had gain of 13.0dB in the H-plane but only 11.0 dB in the 
E-plane. This discrepancy might be due to the fact that the 
finline antenna in the E-plane might not be pointing exactly 
at the transmitting antenna center and may be tilted down 
due to its extra length. The finline horn "G ” had a beam 
width of 22.0 degrees in the E-plane and 36.0 degree in the 
H-plane. We were able to obtain the higher gain by 
increasing the width of the radiating aperture, but with the 
available dielectric material and under these laboratory 
conditions, it was not possible to make large antennas. 

Next we considered improving the gain by further 
reducing the slot width. The finline horn “HI" had the same 
parameters of finline horn "F" but the slot width was 
reduced to 1.6mm. The E-plane and H-plane radiation patterns 
of finline horn "HI" are shown in Figures A. 13 and A. 1 4 
respectively. The finline horn "HI" had a gain of 12.2 dB 
and beamwidths of 25 deg. and 40 deg. in the E and H-planes, 
respectively. The side lobes at 36 deg. were approximatly 
9 dB lower than the main oeam. It can be seen from Figure 
A. 13 that E-plane side lobes are nigher on one side as 
compared to the other side. This is probably due to the 
shape of the radiation chamber and multi patn reflections 
from the corners of the chamber. The finline horn "Hi" had 
1.5dB higher gain as compared to the finline horn "F". This 
shows, that a slot width of 1.6mm gives better results as 
compared to a slot width of 2.5mm. Therefore, for other 
experiments we used a slot width of 1.6mm. 

The finline horn "HI" had a flare angle of 13.2 degrees. 
We made two more antennas with tae same parameters as 
fialxne horn "HI" but with different flare angles. The 
finline horn "H2" had a flare angle of 20.2 deg. and finline 
horn "H3" had a flare angle of 22.2 deg. The finline horn 
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"H2” had a gain of 13.3 dB. Beam widths were 23.0 deg. and 
36.0 deg. in the E-plane and the H-plane, respectively. The 
E-plane side lobes were 12.0 dB lower than the main beam. 
The radiation pattern of horn”H2” in the E-plane and in the 
H-plane are shown in Figures A. 15 and A. 16 respectively. 
The f inline horn "H3” had a gain of 12.0 dB and the beam 
widths were 22.0 deg. and 40.0 deg. in the E-plane and the 
H-plane respectively . The sidelobes were 10.0 - 12.0 dB 

lower than the main beam. The radiation patterns of 
horn”H3" in the E-plane and the H-plane are shown in Figures 
A. 1 8 and A. 19 respectively. 

The gain of finline horn antennas "H1",'*H2" and "H3” 
were measured for a frequency range of 8.2 GHz to 12.4 GHz 
and are shown in Figure 3-11. The reflected power of finline 
horn antennas "H1”,"H2*' and ”H3" were measured on the vector 
network analyzer from 8.0 GHz to 12.4 GHz. The reflected 
power vs frequency of finline antennas "Hi”, "H2" and "H3" 

is shown in Figures A. 24, A. 25 and A. 26 respectively. It can 
be seen from figure 3.11 that finline horn "Hi" and "H2" had 
a steady gain over a band of frequency but the finline horn 
"H3" had a very oscillating gain. The finline horn antenna 
"HI" had a gain of 12.75±0.25 dB over a band of 9.8 GHz to 
11.6 GHz with a VSkR of 1.67. The finline horn antenna "H2" 
had a gain of 14.00i 0.75 dB over a band of 9.8 GHz to 12.2 
GHz with a VSWE of 1.43. 

Up to this point all the finline horns were designed for 
a uniform phase front. If we extend the dielectric further, 
we can make a converging lens. In order to see the effect of 
this extra lens beyond the lens already extended for the 
uniform phase front, we extended the dielectric of finline 
horn "H2" in a half circle shape and measured the gain for a 
frequency range of 6.2 GHz to 12.4 GHz. The E-plan radiation 
pattern of finline horn "H2" witn converging lens is shown 
in Figure A. 17. It can be seen from the radiation pattern 
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Figure 3-11 



Gain of Finline Horn Hi, H2, and H3. 



that it had a gain of 13.0 dB , 20.0 deg. beam width in the 
E-plane and the side lobes were 12.0 db lower than the main 
beam. The gain of finline horn "H2“ with uniform phase lens 
and •*H2" with converging lens is shown in Figure 3.12. It 
can be seen that finline horn "H2" with uniform phase lens 
had an overall higher gain as compared to the finline horn 
"H2" with converging lens. 

In the preceding paragraphs, we have considered the 
effect of the different parameters like "S", slot width, 
strip width, lens effect, flare length (Le) and flare angle. 
In the following paragraphs we will consider the effect of 
the dielectric constant (Er). 

We made a finline horn with Br=10. 2, the slot was 

transitioned fron the coaxial cable and the width of the 
slot was match to the impedance of the coaxial cable. The 
parameters are shown in Table I. The E-plane and the H-plane 
radiation patterns are shown in Figures A. 20 and A. 21 
respectively. This horn had a gain of 4.0 IB. The neam 
widths in the E- plane and the H-plane were 36.0 deg. and 
96.0 deg. respectively. The side lobes were 14.0 dB lower 
than the main beam in the E-plane. Tnis horn was used for 
the design of the monopulse comparator. 

In order to see the effect of dielectric constant (Sr) 
over a wide radiating aperture, we made tne finline horn "J" 
with the same dimensions as finline horn "H2" , but on an 
Er=12.0 substrate. The radiation patterns of this horn in 
the £ and H-planes are shown in Figures A. 22 and A-23, 
respectively. The reflected power is shown in the Figure 
A. 27. It had a gain of 4.6 dB ,28.0 deg. and 100 deg. beam 
widths in the E and H-planes respectively and the E-plane 
side lobes were 16 dB down. It had a VSWR of 1.67 over the 
same frequency range as finline horn "H2". 

It can also be seen that the main beam pattern of 
finline horn *'J" was not smooth, this was probably due to 
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Figure 3-12 Gain of Finline Horn H2 uith Different Lens. 
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the fact that the wavelength in dielectric for this horn is 
much smaller as compared to the finline horn " H2'* made on a 
lower Er material. Therefore due to the shorter wavelength 
the slight rough edges on the antenna will cause phase 
distortion. 

In summary, the higher dielectric constant reduces the 
overall gain of the antenna, does not change the beam width 
in E-plane much, but increases the beam width in H-plane by 
a large amount. 

Before concluding the results of the finline horn 
antennas of different designs, we would like to derive an 
approximate gain equation from these results. 

The finline horn ••HI" had a aperture of 47.6mm, gain of 
12.2dE at 10.0 GHz and was made with Er=2. 54, substituting 
these values in Equation 2.5 gives 



1 2 . 2d B 



Cl * 



50 o* 



(eqn 3. 2 ) 



Finline horn "!'• had a aperture of 23.8mm, gain of 4.0 dB at 
10.3 GHz and was made with Er=10. 2. Substituting, these 
values in Equation 2.5 gives 



4. OdB 



Cl « 






(eqn 3.3) 



Simultaneously solving the Equations 3.2 and 3.3 gives the 
value of constants C 1= 23. 77 and C2= 0.88, substituting 

these values in Equation 2.5, gives an approximate gain 
equation for finline horn antennas, 

6 

Gain = (23. 77)* . (eqn 3.4) 

A* CHO 

The calculated gain from Equation 3.4 and the measured gain 
are shown in Table II. 
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TABLE II 

CALCOLATED AND HEASORED GAll 



T 



Fin line 
F 
G 

HI 

H2 

H3 

I 

J 



H orn 



Measured Gain 

10.7 dB 

12.7 dB 

12.2 dB 

13.3 dB 

12.0 dB 

4.0 dB 
4.6 dB 



Calculated Gain 
1 2.2 dB 

13.0 dB 
12.2 dB 
12-7 dB 

13.1 dB 
4.0 dB 

6.7 dB 



j 



It can be seen from Table II, that the calculated gain 
is close to the measured gain but we do not consider that 
the value of constants are exact , because the finline horn 
antennas used for the derivation were being optimized by the 
experimental results and only two finline horns were tested 
on different dielectric constant substrate. However, it can 
be seen that the theoretical aspect explained in Chapter 2 
works and the exact gain equation can be derived by the 
optimum designed finline horn antenna tested in an ideal 
conditions and with different type of substrate. In a 
similar way, the equation for beam widths can also be 
der i ved . 

The summary of all the finline horns tested is as 
follows. 

The gain of the finline horn is directly proportional to 
the radiating aperture in the S-piane and decreases with 
increasing value of dielectric constant, Sr. The dielectric 
constant controls the beam width in the H-plane and the neam 
width in the E-plane is mostly controlled by the aperture 
size. The E-plane beamwidth has very little dependence on 
dielectric constant. 
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The shape of the radiation pattern mostly depends upon 
the phase deviation in the E-plane (S) and the phase devia- 
tion in the H-plane <T) . For a neat radiation pattern with 
clear main beam and low side lobes in the E-plane the valve 
of "S” needs to be less than 0.1 and for a neat radiation 
pattern in the H-plane the value of T also needs to be low. 
However, a high value T does not distort the H-plane pattern 
but will give a wide fceamwidth. 

The slot width needs to be narrow. As we saw for 
Er=2.54, a slot width of 1.6mm gave nice results. A further 
reduction in the slot width might improve the gain slightly. 

The width of the flare strip, can be A/4 or /V2 with 
copper tape on the outer edge. However, in the later experi- 
ments, we concentrated on the A/2 configuration, because it 
seems to reduce the’ field radiated from the top and bottom 
edges of the antenna through the dielectric. 

The extended shape of dielectric to produce a uniform 
phase front at an imaginary plane increases the gain but the 
use of a converging lens decreased the overall gain of the 
one finline horn antenna which was tested. 
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17. FI MLIN E M ONO POISE COMPAfi ATOH 



This part of thesis was jointly done by the author and 
Eowley [fief. 16], who was working on the finline magic- tee. 

A. DESIGI OF MOHOPOLSE COMPABATOfi 

Two finline horns joined with a finline magic-tee made 
on a single substrate can form a single channel of monopulse 
comparator. 

Port 1 and port 2 of the finline magic- tee [fief. 16] 
were flared to a radiating aperture to make a finline horn 
on either port. The finline horns had the same physical 
dimensions as finline horn antenna "I" previously described. 
The layout of the two finline horn antennas joined with a 
finline magic- tee is shown in Figure 4.2. The monopulse 
comparator with fixture is shown in Figure 4.1. The outputs 
from the sum and difference ports were fed through micros- 
trip to coaxial cable as explained by Rowley [Bef- 16] and 
as shown in Figure 4.2. The comparator was etched on a 
dielectric constant of 10.2 substrate with a thickness of 
0.03125 inches. The comparator was designed at 10-3 GHz 
center frequency, because at this frequency the fin’s height 
was made A/2, so that the short from the waveguide wall 
would reflect back as a short at the inner edge of the slot. 
The width of the slot was matched to the microstrip and 
subsequently to the co-axial cable impedance. 

The parameters of individual finline horn antennas are 
determined by tne gain, beamwidth and sidelobe requirements. 
The distance between the horns is also very important 
because the final shape of the pattern can be controlled by 
the distance between the individual elements. For the sum 




Figure 4.1 Picture of Houopulse Comparator with Fixture, 

pattern the slament pattern is multiplied by the normalised 
cosine lunction and for the difference pattern tne ej.enent 
pattern is multiplied by the normalised sine function. The 
distance between the nulls of the sine or cosine function 
depends upon the distance betweens the element rn wavel- 
engths. For this design the distance between the horns was 
arnitrarily chosen- 

B. PEBFOEilAHCE OF MONOPOLSE CCMPABATOH 

The microliae 56X1 standard gain norn antenna was used 
for reference patterns. The E-plane sum pattern is snova in 
Figure 4.3, it had a gain of 8.0dB and beam widtn of 24.0 
degrees. From here, it can be calculated tnat the element 
pattern had a gain of 5. 0d3, which is 1.0d3 higher than the 
measured gain of the finline horn antenna "I". The E-piano 
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Figure 4.2 Layout of Monopulse Comparator- 
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difference pattern is shown in Figure 4. 4, it shows a nice 
null at the center. The E- plane sum and difference patterns 
are shown together in Figure 4.5. The amplified sum and 
difference patterns are shown in the Figure 4.6, which shows 
that the null depth in the difference pattern was greater 
than 40 dB from the peak of the sum pattern. The H- plane 
radiation patterns are shown in Figures 4.7, 4.8 and 4.9. In 
the H-plane the comparator had the same gain as in the 
£-plane. The sum pattern had a very wide beam widtn and 
there was almost no power in the difference pattern. 

The sum and difference port reflected power is shown in 
Figures 4.10 and 4. 1 1 respectively. It can be seen from 
these Figures that there was high reflected power on both 
ports, dost of the reflection was caused by the microstrip 
to coaxial cable transition because the dielectric used was 
very soft. The connectors center conductor were not making a 
stronge contact with the microstrips and were finally sold- 
ered for continuity. It can also be seen that it had less 
reflected power at the higher frequencies. 

The two of these single plane comparators orthogonal to 
each ether with one more magic-tee or two of these parallel 
to each other with two magic-tees can form a dual plane 
finline monopulse comparator system. This type of light 
weight, integrated monopulse feed system has great possibil- 
ities for military and space applications in future. 




Figure 4.3 E-Plane Monopalse Comparator Sum Pattern 
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Figure 4.4 E-Plane Bonopuise Comparator Difference Pattern- 
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Figure 4.5 E-Plane Monopulse Comparator 
Sua and Difference Patterns. 
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Figure 4.6 



Amplified E-Plane Sam and Difference Patterns 
For Honopalse Comparator. 





Figure 4.7 H-Plane Honopulse Comparator Sum Pattern. 
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Figure 4.8 H-Plane Monopnlse Comparator Difference Pattern. 
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Figure 4.9 H-Plane Monopulse Comparator 
Sun and Difference Patterns. 
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Figure 4- 10 Monopulse Coaparator Sum Port 
Reflected Power. 
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V. COMCLOSIOH and BECOH MEND ATIO H 



A. CQICIUSIONS 



This thesis mainly concentrated on the optimization of a 
finline horn antenna and showed its application in a mono- 
pulse comparator. A summary of the results is as follows: 



1- The gain of the finline horn antenna is directly 
proportional to the size of the radiating aperture in 
the E- plane. 



2. A higher dielectric constant decreases the gain of a 
finline horn antenna if other parameters are held 
constant. 



3. The slot width need to be narrow to prevent secondary 
radiation from the end of the antenna feed line. For 
Er=2.54 a slot width of l.hma gave satisfactory 
results. 



4- For the lower side lobes the maximum phase deviation 
in wavelengths, iS) , needs to be lower than 1/8. This 
helps in calculating the flare angle and flare 
length. 



5- 



The beam 
the size 
in the 
con Stan t 



width in the E-plane is mainly controlled ay 
of the radiating aperture and the beam widtn 
H-plane is controlled by the dielectric 
of the material- 



6. A uniform phase front design increases the overall 
gain of the finline horn antenna. We also saw that 
further extension of the dielectric beyond the 
uniform phase front design in a half circle shape to 
form a converging lens, adversly affects tne perform- 
ance of the antenna. 



7. An approximate gain eguation for the finline horn 
antenna can be derived from the experimental results 
obtained for properly designed antennas witn optimum 
gain and fabricated on different dielectric suds- 
trates. 



8. Two finline horn antennas can be integrated witn a 
finline magic- tee to form a monopulse comparator - 
Very nice sum and difference patterns were obtained. 
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B. BECOBaEIDATlOIS 

Id view of the different observations made during 
testing^ follow up work is recommended as inicated below: 



1. A better fixture for holding the finline horn antenna 
sould be designed for further experimentation. 



2. The effect of different parameters on the performance 
on the finline horn antenna nas been noted. However, 
the thickness of the dielectric was not considered. 
It might be intesting to see the effect of tne 
dielectric thickness by testing the same horn fabri- 
cated on different dielectric thickness material but 
with the same dielectric constant. 



3. The material used for the monopulse comparator was 
very thin and soft. For better results the comparator 
should be fabricated and tested using a hard 
material. A better fixture for the monopulse compa- 
rator is also required for any further testing. 



4. It might be intersting to try making four finline 
horn antennas and four magic-tees on a single soft 
substrate and bending it in a U shape to form a dual 
plane finline monopulse system. 



5. It might be intersting to measure near-field (pnase 
and amplitude) of the optimized finline horn and 
compare with tne regular horn antenna. 
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APPENDIX A 



HADIATION PATTERNS 
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Figure A.1 



E-Plane Radiation Pattern of Finline Horn "A" 
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Figure A. 2 E-Plane Hadiation Pattern of Finline Horn *A"- 
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Figure A. 3 E-Plane fiadiation Pattern of Finline Horn "B". 
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Figure A, 4 E-Plane fiadiation Pattern of Finline Horn "C". 
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Figure A. 5 E-Plane Radiation Pattern of Finiine Horn "D" 
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Figure A- 6 E-Plane Badiation Pattern of Finline Horn "D" 
with Echosorb in the Feedirne Opening. 
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Figure A. 7 E— Plane fiadiation Pattern of Finline Born **E"- 
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Figure A- 8 E-Plane Radiation Pattern of Finline Horn "E* 
with Ecnosorb in tne Feediine Opening. 
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Figure A..9 E— Plane Radiation Pattern of Finline Horn "F". 
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Figure A»10 H-Plane Badiation Pattern of Finline Horn "F". 
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E-Plane Badiation Pattern of Finline Horn “G". 
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Figure A, 11 
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Figure A»12 



H-Plane Eadiation Pattern of Finline Horn 
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Figure A. 13 E-Plane Badiation Pattern of Finline Horn "HI". 
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Figure A»14 H-Plane Badiation Pattern of Finline Horn ’•Hi". 
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Figure A. 15 E— Plane Radiation Pattern of Finline Horn 
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Figure A. 16 H-Plane fiadiation Pattern of Finlire Horn "H2". 
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E-Plane Radiation Pattern of Pinline Horn "H2". 
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Figure A. 17 
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Figure A. 18 S-Plane Hadiation Pattern of Finline Horn 
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Figure A«19 



H-Plaue Radiation Pattern of Finline Horn "H3** 
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Figure A-20 E-Plane fiadiatioc Pattern of Finline Horn "I", j 
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H-Plane Radiation Pattern of Finline Horn 
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Figure A-21 
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Figure A. 22 E-Plane fiadiatioD Pattern of Finline Horn "J", 
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Figure A. 23 



H-Plane Badiation Pattern of Finline Horn "J 
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Reflected 



Power of 



Finline Horn 



lOU 







L 



J 



Figure A. 25 Beflected Power of Finline Horn "H2*. 
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Figure A. 26 



Reflected Power of Finline Horn ''H3*'. 
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Figure A. 27 



Reflected PoHer of 



Finline Horn "J". 



107 



A PPENDIX B 

COflPDTEH PBOGBAH 10 DHli FINLINE HOBN ON HP9845B PIOTTEB 
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260 
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280 
290 
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310 
320 
330 
340 
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360 
370 
380 
390 
400 
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420 
430 
440 
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500 
510 
520 
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560 
570 
580 
590 
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630 
640 
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FIN LIN HORN DESIGN 
BY 

LCDR MUMTHZ UL HRQ 



MSEE THESIS UORK 
NRV/RL POSTGRRDURTE SCHOOL 
(WRITTEN ON HP-9845B USING RN HP-9S72C PLOTTER;^ 



! disc. PROGRRMING INFO: 

! “flSCRLE" fiCCURRTELV SCALES THE PLOTTER IN dl LL I ME TEPS . 

' BY USING “MSCRLE, RLL UNITS IN THIS PROGRAM ARE IN frirn. 

' MSCRLE 200,142.5 CENTERS DISPLAY ON FULL SIZE PAPER ! 

' MSCRLE 116.576,91.77 CENTERS DISPLAY ON SMALL PAPER ! 

\ 

CLIP -102,140,-40,30 I WHEN USED LIMITS PEN TRAVEL AS SHOWN. 
J FRAME ' WHEN USED DRAWS A BORDER AT CLIP LIMITS 



PLOTTER IS ‘’9872A" 'COORDINATES COMPUTER AND PLOTTER 
DEG ‘ALL ANGLES ARE LISTED IN DEGREES 



Xcenter=185 'CENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 

Ycer.ter = l20 'CENTER OF DRAWING ON PAGE IN mm FROM LOWER LEFT. 

MSCALE Xc er .1 er , Yc eni 'UNITS ARE mm FROM STATED ORGIN LOCATION 



•This is the pen thickness, and it is corrected 

FOR AUTOMATICALLY IN THE DRAWING. 

'ENTIRE DRAWING IS SCALED TO THIS FACTOR 

•SCALES ALL LISTED mm VALUES 

'CONVERTS AND SCALES ALL LISTED inches VALUES , 

'FIRST DIGIT OF LU^E TYRE CODE 
ISECOND DIGIT OF LINE TYPE CODE 



THE following variables DESCRIBE THE ENTIRE DRAWING. THE PEST OF THE 
PROGRAM USES THESE VALUES EXCLUSIVELY TO CONSTRUCT THE DRAWINGS. 

ANY change in these VARIABLES WILL RESULT IN ALL ASSOCIATED PARAMETERS 
IN THE DRAWING BEING ADJUSTED AUTOMATICALLY. ADJUSTING THESE VALUES 
AND EVALUATING THE RESULTS IS A LIMITED USE OF CAD 'COMPUTER AIDED 
DESIGNS . 



Pen*. 35 

I 

Sc ai e = 1 

I 

Mm*Sc a1 e 
I n*25 . 4*Sc al » 
! 

L 1 nenumber * 1 
Segment si ze *0 



! 

! USER DEFINED VARIABLES: 



N-8 

R=«2 

M-3 

Hang 1 e» 1 0 . 1 
En*2 . 54 
Fr eq* I . 00E 1 0 
Hua* I . 25*Mm 

i 

' DIMENSIONS OF 



' Determines the length of Horn. ' 

' Determines the width of strip. ' 

' Determines the length for transition. 
' Half angle of finline Horn antenna. ' 
' Dielectric Constant. ' 

' Operating Frequency. ' 

! Half width of slot. ' 

FIXTURE; 



Hwb=5. 05+Mm 



Half of Inside difiiension of w a" e guide. 
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670 

680 

690 

700 

710 

720 

730 

740 

750 

760 

770 

780 

790 

800 

810 

820 

830 

840 

850 

860 

870 

880 

890 

900 

910 

920 

930 

940 

950 

960 

970 

980 

990 

1000 

1010 

1020 

1030 

1040 

1050 

1060 

1070 

1080 

1090 

1 100 

, i 

1110 

1120 

1130 

1 1 40 

1 150 

1160 

1 170 

1180 

1190 

1200 

1210 

1220 

1230 

1240 

1250 

1260 

1270 

1280 

1290 

1300 

1310 

1320 



Hwd»4*Mm 
HI b»66. l5*Mm 
HI c *77. 1 *Mm 



' Extended t'lang# of wAoequide. ' 

• Length of fin inside the uaveguide. ' 
I Length of fin for transition. ! 



FOLLOWING VFIRIRBLES ARE COMBINATION OF USER DEFINED VARIABLE, 
AND DEFINE THE WHOLE DRAWING. 



Lambdazero»3. 0£1 l*Mtn/Freq 
Lamdad = L AmbdazeroxSQP < Er ; 
H 1 e=N*L amdad 
Hws *Lamdad/P 
HI a=Hl e-HwA^ 5IN<Hangl e> 

H 1 ax=«H 1 a*-COSCHanq 1 e> 

H 1 ay*H 1 a*3 I N< H ang 1 e > 
Hwsx*Hws*'SIN<Hangle> 

Husv = Hws*COSCH a.n g 1 e ) 



X0«0 

Xa,*X0-Hl ax-Hwsx 
Xb»X0-H 1 ax 
Xc *X0-Hwsx 
Xd = X0^H 1 b 
Xe-X0 + Hl b'^Hl c 
! 

1 

Y0 = 0 

Y a* Y0<*-Hwa 

Y b * Y 0 ♦ H w b 

Yc - YO-^-Hwa^Hwsy 
Yd»Yb+Hud 
Ye=Y0+Hwa^Hl av 
Yf*Ye^Hwsy 

I 

1 

FOR Hf i 1 1 -1 TO 5 STEP 2 
Penn*Pen*Hf i 1 1 
H an glel=45-H angle 

Hangl e2*^ 180-Hangl e>x2 



Wavelength in air, ! 

Wavelength in dielectric. ! 

Length of Horn flare from center, ! 

With of Horn strip. • 

Length of Horn flare from mouth, ! 
Horizontal length of Horn flare. ! 

Half of Hor n slot. • 

Lateral offset distance at end of Horn, 
Vertical offset distance at end of Horn. 



! Set location of drawing with respect to, 

' the or 1 g 1 on , ! 

> Outer edge of Horn opening, ! 

• Upper edege of Horn opening, ‘ 

• Horn mouth, • 

! Length of slot inside waveguide, ! 

' Length of transition. ' 

' Set location of drawing with respect to, 

' t he or 1 g 1 on , ! 

' Width of inside slot. ' 

' Inner edge of waveguide. ' 

' Upper edge of Horn flare at mouth. • 

! Upper edge of tansition, ! 

• Heigth of outer edge of Horn. ' 

! Heigth of upper outer edge of Horn. ! 

! Fill in the Horn, • 

' Uesed to determined the offset at the, 

< end of Horn, ! 

' Used to determine offset at the mouth of Horn 



H ang 1 eb*ATN< f Hwb-Hwa^ -^Hl e > ' Used to determine offset at the transition, ' 

Penof f set 1 h*Penn/2-*-C0S ^ Hang 1 e 1 > *SQR < 2 ' ' Correct point 2 in x direction, 

' and point 3 in y direction, ' 

Penof f set 2h»Penn/2'*’ 5 IN ( Hang 1 e 1 > *SQR ( 2 > ' Correct point 2 in v direction, 

' and point 3 in x direction. ! 

Penoff set 3h*Pennx2/TAN ( Hang 1 e2 ) i Correct point 1 in x direction, < 

Penof f set 4h*Pennx2-»TAN< Hang 1 eb/2) • Correct point 10 in x direction. ' 
Penoffset5hssPenn/2/TANt45-»'Hanglebx2) ' Correct point 9 in y direction. ' 

Penof f set 6haPenn^ 2' TAN< 45-tHang 1 ex2> ' Correct point 4 in y direction. ' 



FOLLOWING LINES DEFINES THE X CO-ORDINATE OF HORN POINT BY POINT. < 



Xlh»Xc+Penoffset3h 
X2h = Xa“»'Penoff set Ih 
X3h*Xb-tPenof f set2h 
X4h»Xo-Penn/ 2 
X5h = Xo-Pe nn/ 2 
X6h=Xd+Penn/2 
X7h = Xd-tPenn/2 
X8h=Xe-Pennx2 
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1770 

1780 
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1800 

1810 

1820 

1830 

1840 
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i860 

1870 

1880 

1890 

1900 

1910 

1920 

1930 

I 

1940 

1950 

1960 

1970 



X9h=iXe-Penn/2 

X10h*Xd-P#noffS€i4h 

! 

! POLLOUING LINES DEFINES THE Y CO-ORDiNflTE OF HORN POINT BY POINT. I 



Ylh*Yi^P«nn/2 

Y2hsYe-^Penof f set 2h 

Y3h = Yf-Penof f set Ih 

Y4hsYc-Penoffsei6h 

Y5h*Yb-Penn/2 

Y6h=Yb-Penn^2 

Y7h=Yd“Penn/2 

Y8haYd-Penn/2 

YShsYb^PenoffsetSh 

Y 1 0haYa+Penn^ 2 



I FOLLOWING LINES DPflU THE HORN FOR LHRGE F1J>TUF:E. ! 



FOR lmage=0 TO 2 STEP 2 

LINE TYPE L 1 nenumder , Segment s 1 ze 

1 m= 1 - 1 mage 

MOVE Xlh,Ylh*lm 

DRfiU X2h,Y2h*Im 

DRRU X3h,Y3h*lm 

DRRU X4h,Y4h*Im 

DRRU X5h,Y5h*Im 

DRRU X6h,Y6h+Im 

DRRU X7h,V7h-rIm 

DRRU X8h,Y8h*Im 

DRRU X9h,V9h*Im 

DRRU X10h,Y10h*Im 

DRRU Xlh,Ylh*lm 

IF Hf n 1 >1 THEN GOTO 1998 



Plotter select dotted line with, 
overlap to draw Horn. ! 



X0arc*Xc-*-Hwa/TRN(Hangl e > 

Y0arc *Y0 

LINE TYPE 4,.4-rScale ' Select linetype to draw phase front and, 

' transition outline. ' 

FOR Beta-0 TO Hangle STEP 2 



I following limes RPE the EQURTIONS 
‘ LENSE OUTLINES. ! 

Rarc*l-COS<Bet a) 

Barc-l-COS (Hang 1 e ) 
Carc»l/SQR(Er>-COS<Beta) 

Dare *C0S<Hang le)-USQR<Er) 
Earc*COS(Beta;*<' l-SQR(Er > ) 
B*Hle*tRarc+Barc*CarC''Darc>^Earc 
Hr ad*H 1 e + B + Pen 

Xarc*X0arc*-Hrad*COS(Beta> 

Yarc *Y0arc -Hr ad*S 1 M ( Bet 

IF Beta=0 THEN HOVE X arc, / arc 
DRRU Xarc,Yarc*Im»-l 
NEXT Beta 



THhT define PRRmLLEL PHRSt FRONT, 



Thickness of lens. 
Radius from center 
of lens. • 

X Po s 1 t 1 on of ar c . 
Y Position of arc. 

Draws outline for 



of flare to edge, 



lens. ' 



' FOLLOUING LIMES DRRU OUTLINE FOP TRRN3ITI0N FROM URVEGUIDE 



TO SLOTLINE. 



Xbh=Xe+n*Lamdad 
Yba— Y0— . 01 ♦Lamdad 
MOVE Xe,'i'b*Im 



no 



1980 

1990 

2000 

2010 

2020 

2030 

2040 

2050 

2080 

2070 

2080 

2090 

2100 

21 10 

2120 



DRAW Xbh,YbA*I« 

NEXT 

NEXT Hf 1 n 

I 

I 

LINE TYPE 1 

I 

Xh«ad^ng«X0-3*In 
Yheading-Ye^.S^In 
CSIZE . l*In 

MOVE Xh^ad I ng , Yhead 1 ng 

LABEL "FINLINE HORN by LCDP MUMTAZ UL HAQ" 
PEN 0 

MOVE 5000,500 
END 



\ 
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APPENDIX C 



IBM COMPUTER PROGRAM TO CALCULATE FAR FIELD PATTERN 



























ZZ 






















0 






oO 


0 




















z 


0 


w 


HM 


z 




















H 


z 


cq 


HH 


H 




















U 


H 


3 


HM 


U 




















<3 


U 


0 


enen 


c 




^ ^ ^ ^ ^ 






W 


c 


cq 


oocq 


q 




* 












* 


* 




q 


Q 


qqcq 


















* 


* 


<3 CL 






3 


3 




-»• 












« 


* 


z 0 


CU 


0 


wwo 


0 




* 


Q 


Q 








*»• 


* 


z 0 


0 




wwcq 


0 






QS; 


z 








'»• 


* 


cq w 


0 


0 


33Q 


w 




* 


2 ; <3 




H 






*«• 


* 


-aJ-a3H 


w 


z 


00 






* 


^ c 




Z 






* 


-»• 


zzz *< 




M 


wwo 


c 




* 


a w 


w 


*< 






* 


i¥ 


zz< z 


c 


u 


QQ 


z 




-»■ 


CQ 


cn 


H 


3 




* 


* 


pq 'q z 


z 


c 


0 


z 




"«• 


c 


<c 


W 


<3 




* 


* 


g-iEHW pq 


z 


q 


ooz 


q 




* 


pq cqWX 


3 


3 


W 






* 


zzo EH 


q 




M 


H 




* 


QZCqOi 


04 


cn 


Z 




* 


* 


CC .-WZ 


H 


q 


00 u 


z 




* 


• 30 




w 


H 




* 


* 


cq Q2<3 


z 


0 


zzc 


c 




* 


COHMOEh 


Q 


02 


W 




* 


* 


ZPuwcjcqW«;3 


c 


0 


HMq 






* 


ZMEH6H25 


W 




W 




* 




□3 0 0 -a: cq Q cq cq 




w 


U(J 


q 




* 


OZJH C 


Fh 


w 


CQ 




"»• 


<)(> 


0 Wees zo 


q 




C C 3 


Q 




* 


HOC0 25H 


-< 


3 


Q 




* 


* 


WWpq OZW 


0 


3 


qqo 






* 


HCOH^ 


w 


£h 


3 




* 




CQCJCJW WH WPq 




Q 


0 


q 






CJS04 3 


3 




EH . 


X 


* 


# 


Z-<i<33 


q 


q 


33 W 


u 






z wen 


U 


Z 


H— ^ 


s> 


*»► 


* 


<ctJt4 iq Eh cq cq *c 


(J 




00 


c 




* 


3QOiQ W 


w 


0 


ZW 


<s3 






03 zQ cjq 


c 




00 -. 


q 






WZ03Q3 


< 




0 W 


Z 


* 


* 


EHZZZM33 


q 


3 


WW3 








<: 0 6h 


u 


c: 


<33 








000 EhEhz 




c 


C 


z 






0 WH W 




3 


30 


03 




CQ 


02 cqHHO 


z 


W 


CQcqq 


0 




* 


Z6H 


Q 


Q 


W 


^<3 


* 


Z 


cq043cqcQZz 


0 


z 


QWZ 






* 


M we-»o«c 


Z 


W 


QQ 


3EH 


* 


0 


MWQcqcOOCQ 




H 


3H 


« 




-«• 


aswzcw 




cn 


W^ 


en 




M 


3EH 33Crt:Q 


w 


W> 


zow 


Q 




* 


Oq 3 Waco 




z 


3W 


WH 




EH 


3CQZ004ZS 


W 




HW^ 






* 


WCDCC U 


Q 


*<3 


3Cn 


3t^ 


* 


C 


0 MW Z 


3 




Q 


Z 




* 


wwQ w 


W 


« 


HC 


<3 


-»> 


z 


qn QEhEhHH 


0 


W 


cq q 


H 




"»• 




Z 


EH 


Uu 3 


03 CL 




H 


zcq zZZ 


W 


Q 


Q zQ 






* 


W*-^<3U 


3 




• cncL 


<d 


* 


W 


cq cn z <3 c <3 cq 


Q 


3 


3M 3 


q 






WM 


en 


3 WZ 


E-*3 




pq 


O'QSmEhMHOZ 


ZEh 


M H 


Q 




* 


C/5CQQW3 




cqciCQ 


3Q 


* 


CQ 


qWEH WWW30Z0H 


M WM 


3 




* 


33 c enz 


CQ 


M33Z 


3U 


* 




3MCq333MMMMZ 


zenz 


M 




* 


05302 <<-33 


an 




sw 


*«• 


cq 


qozcncocncnMeH 1 


HO 


oco 


H 




* 


oa»33 




3H 




* 


W 


qcno<cqcqwzHWHrt3 


C3 C 


Z 




* 


W OOiS 


w 


OzW ^ 




-»• 


3 


EH<a:-a:zZO202OcncnCQ3 


Z3Z 


0 


H 


* 


Q5Z W 02 


3 


Ct4C33--^ 




-»• 


-a: 


cnwsq coco 




C 


X 


* 


wh wo 


EH 




<ceHCQ 






H 


s QQQcqzqQ 


Q QQ 


z 




* 


Qj Eh w3 Cx-i 




CQS Q 




* 


z 


q EnHWCqW 


Cu 


cq 


q wcq 




V 


'»• 


Eh i<3 < C 


•cn • 


3 


cn^ 






< 


oqzzcQcncnow 1 


cqEHZcQcncnz 


Q 




* 


53S t>^Ijqwijq8HQWW 






> 


OCCMMMwWcqCqcOMMMOPq 




* 


»< CL Q Cl 02 Q cn Q 




zeno 








02 :hEh ww wzqqqwMW wwMw 


CG 


* 


Q5ZWEH<3M3 


3 


-33M3 








qxwW<CC30303GHCCCH=3 


X 




C3M02WZEHWEH02 


WEH 






"«• 


3C033S3cnWCQqej*q2EE3MCn 


Ik 


* 


0 3 WHM<i:MQ WCH 








Z3cncno5qqcQCQWcnz«zcnc 




* 


02QCQ5»OZ3:ZCuC05:Z 




* 




iz) 03 cq cq 0 0 0 W 


rq 


<0000 ow 


M 


•fr 


aiccz<coo2ow<;o20 




* 


>»► 


Z c « 3 Z Z Z E 0 Z 0 (J q z z z Ou 






* 


cq CQ 0 s c 0 c w 


30C 




> 


* 
















cn 02 3 U H 33 3 CL CLZ 3 




«»■ 


* 














«»• 


M 


























«»* 


3 ^ % 




Ik 


% 




















* 


EhC 3 


CJ 


Q 


cq 




* 


*»• 








q q q 
















■J*- 




CL CQ wq 


q 


q 


QCW 


CO 




* 












•fr 




CqW»<3CCQ 


c 


w 


cze 


Q 




*»• 














•»* 


M C3QE z<d 


3 


c 


ac3x: 


C 


CQ 

O 








^ ^ ^ ^ 


* * * * 






iccnsqzzzx: 


a* 


s 


zzz 


s 



«»UUUU .JUUUUUUUUUCJUUUCJUUUUUUUUUUUUUUUUUUUUUUU 



112 



Oo 



a 

2 



W 

w 

Pi 

CD 



25a 

Oo 

HH 

hh 

HH 

COCO 



CD 

a 



CD 



cq 

W 

a 



oo 

HH 

HH 

HH 



CD 

a 



CD 

a 



w 

w 

Pi 

CD 



HH 

HH 

COCO 



^ o o' O 
% lO lT) LO 



H 


cq 


oo^>o 


CJ 


H 


CD 


COCO 


U 


H 


cq 


oo cq 


< 














U 


Q 


cuQjpq 


<3 


U 


cq 


OOcq 


<3 


U 


Q 


Oicucq 


H 






< 


Cm 


OQ 


0 


C 




03 


Cm 


-< 


Q 


Q-OiPO 


Cm 


< 




03 


HH 


* 




to 


H 


H 


H 




O 


cqcqcD 




Cm 




03 




Cm 


O 


cqcqcD 


ao 








< 


< 


< 




CD 


cqcqcq 


04 




o 


cqcqcD 


Oi 






cqcqcq 


<co 






0 


a 


a 


a 


04 




03 030 


O 


cu 


CJ\ 


pqWW 


O 


Oi 


(N 


ao30 


Hcq 


* 




r) 


a 


a 


a 


o 




CD CD 


O 


O 




03O3Q 


O 


o 




CDU 


m3 03CQ 














o 


CD 


cqWo 


H 


O 


CD 


CD CD 


W 


o 


CD 


cqwo 


0 Q 


•fr 




CV4Q 








H 


a 


OQOO 




H 


a 


cq wo 




H 


a 


Qwr^ 


CO Cm 






00< 


0 


0 


0 




H 




-aj 




H 


Q wo 


<?3 




H 


CN 


Hcqoa 


* 




wj: 


00 


lO 


m 


< 


u 


OO 


a 


<3 


U 




a 




U 


OO 


ao3 H 


* 




Qa 




>>^ 




a 


< 


CO 00 CD 


a 


a 


•*a3 


OOCD 


a 


a 




r^HCD 


< a 


* 




< ^ 


Cm 


CQ 


0 


a 


Pu 


r-t— 2; 


cq 


a 


Cm 


ooa 


cq 


a 


Cm 


cNCNa 


HCM«a 








Q 


Q 


Q 


w 




H 


H 


cq 




M 


H 


cq 




H 


HHOOQ3 


* 




CmO 


< 


< 


< 


H 


Oi 


CDCDCJ 


a 


H 


04 


CDCDU 


a 


H 


04 


CDCDU 


ao pmO 


* 




ar) 


a 


a 


a 


a 


o 


aa*^ 




a 


O 


aa<«4 


< 


a 


O 


aa 


<coacocM 


* 






a 


a 


a 




o 


HMO^ 




c 


Q 


HHCm 




<5 


o 


HHCm 


Hcqo3aco 


# 






% 


to 


% 




H 


uu 


H 




H 


uu 


Cm 




H 


UU 


hjQ30<a 


«»• 




<NO 




-«to 




H 




c< Oi 


O 


Cm 




<3<Q4 


O 


Cm 




<><01 


0 CmQ3< 


* 






0 


0 


0 


O 


03 


CmCmO 




O 


03 


&-iCmO 




o 


03 


CmCmO 


COCMCOH 03 


* 






ltj 


un 


uO 




O 


O 


cq 




O 


O 


cq 




O 


O 


WQs: H 






H % 








» 


Cm 


OiOu^q 


U 


cq 


Cm 


Q4 0IH 


U 


cq 


Cm 


O 4 O 4 w 


03 <03 






<— ^ 


Cm 


CQ 


0 


U 




OO 


<3 


U 




OO 


< 


U 




OO 


!53a3cqo3 






SO 


< 


< 


< 


c 




OO-^ 


CM 


-S3 




OO^ 


Cm 


c 




00 -^ 


CM^HHCq 


CO 




CM-r) 


a 


a 


a 


0-i 


03 


HH« 




Cm 


03 


HHQ3 




Cm 


03 


HHa 


00 an 


a 




a 


Oi 


Oi 


04 




< 


< 


a 




*=33 


<3 


a 




<3 


< 


CmMOO 


0 






a 


a 


a 


a 


cq 


cQcqcq 


o 


a 


cq 


oQWcq 


O 


a 


cq 


OQCqcq 


ficocqoO 


H 




— 


to 


to 


to 


o 


a 


QWa 




O 


a 


Qcqa 




o 


a 


Qcqa 


aanCMCM 


H 




cN a 










H 


«H 


CQ 




H 


Q3H 


OQ 




H 


Q3H 


O<03 


< 




00 


0 


0 


0 


w 


H 


acDH 


Q 


cq 


H 


acD^ 


Q 


cq 


H 


acDH 


Cmo3QCmCm 


a 






m 


lO 


m 


w 




Hoq'^ 




cq 




wcq w 




cq 




Hcq'^ 


COHOOO 


< 




< 0 H 






03 




Q 


a 


03 




Q 


a 


03 




Q 


a Cm 


H 




x:^ <Cm 


Q 


0 


CD 


cq 


pq cq 


M 


CD 


cq 


cq cq 


H 


CD 


cq 


w w 


<03 wtq 


U 






H 


H 


aWaa 


Qaa 




cq 


Q 


oaQ 


acq 


acQ 


Qao 


03CqCMQQ 


cq 




CmQQ3< 


< 


< 


oooo 


OMO 


cq aQas 


owo 


cqoQOo 


OHO 


HHOOO 


Q 




a 


vS 


a 


a 


H 1 


HH 


H H 


QO 


OH 


H H 


QH 


HH 


H H 


03 HH 






^ Q *1 


to 


% 


HaHM 


HWH 


SHaHH 


Hcqn 


OHa HH 


Hcqn 


030CqH H a 


cq 


0 


•i<-^ 






MMMa 


acoa 


HHHHa 


acoa 

CDCCD 


U4a 


a CO a 


cq 0 ^ ^ ^ 


H 


% 


cvj^ao 


0 


0 


CO 1 


CO CD 


CDCCD 


HH I 


HCD 


HCO 


CO CD 


CD<CD 


hw<cdcd a 


OQ 


a 


roo Q3t-o CMcnoLn 


owoc 




a CO cq CO -33 


<3E< 


a ocqoc 


< a < 


03 a<<a 


< 












OicoOix: 


a04 22 


^ Ocooa 


so-a 


CDQdCOOia 


acoi s 


ocMwaana 


H 


a 


Cm HQ HO 


<3 






*<3 Oi <<3 Cli 






-3: 






00 H 


03 




^ <33Q 


toQ 


toQ 


woe WQ 


QQQ 


s 


a 


Q 


QOQ 


ccqxcoQ 


QQQ 


Cm qqqsc 


< 


H 


accQ<CM<cQ< 


cqoicqw 


pqcqcq 


cqotcqcq 


cqcqcq 


cqoicqcq 


cqcqcq 


cqcqcqcqHcq 


> 


% 


Cm Q03acqacqa 



Pi o^Hacococoao w wHacococos^occ osH 
OWCD-=a;OHlHMOW 03 W Cd<3: OHmH O W CD W CD < 
&3 03 W,-qMHHHMO3CD^CDHMHH^-qH03 W03WH 
00Q0H‘<<:<H0W3W3H'<C<H0a0Q3 
in CJHacaSHCOQCOQCJHaaCaCHCO CO U 
0<0‘^COWC«05CO'^ < HtOCCiCCCCiCOCOCO,^ 

aoWQo«43ooooowowo< oQooowt^wr^<*3 
<-jGr-cjQ-zaaa^aoaGOcjt^2;aacus:rsiS(NCj 



acOCOCO^lPuiQCOCOCOCDC^^ 
Ommhooommh an 
mHHHM ChHHHUJ CO 
HC'<<HWH<CC^-J 
HaascMCoassswo. 
CO 03 03 w CO < CD 03 03 03 > CM 
ooooo3:<ooo“=* 2H 
a^zaaoiOiSazaaco 



* 

-«■ 

-«■ 






to % «>03 toD3 % 

cNoo^Ci^oaao 
rnLOLniDCNtncNin 

U3^-^<IQhHU^ ^ 

[5 c %nc3 w <3 <3 Oj <: oQ <; 
H wc4Han::^n3^=: 
oocaftHCoaojcOj-scai 



a 


OQ 


cQaa 

Q<H 


0 


0 


0 


oQo 

Q<H 


Q 


Q 


Q 


QQQ 

Q<H 


<HQ-< 

<wa<<Q 


*«■ 

* 

* 


03 

wcqaooacoacoaaa 

CqO^HHWHHHHHH 


< 


H 


<a< 


Q 


< 


H 


<a< 


W 


< 


H 


<a< 


a<Oiaa a 


“«• 


H^<<<<<<*=3;<i;c 


a 


< 


ao-a 


< 


a 


< 


aaa 


< 


a 


< 


aQa 


OiS CmCmCm< CO 




aowcq wcqw aa wcq 


Oi 


a 


aaa 


a 


04 


a 


aaa 


a 


a. 


a 


aaa 


CMWaaawco 


* 


HUQ3P3QCQ3aijC03aca 



UUCJCJUCJUCJUUCJCJUUCJUCJUCJUUUCJUUUCJCJUUUUUCJUCJCJUCJ 



^d-LDvop^cocn 



Or- 



113 



o 

uO 



Q 






















* 


s 








z 






* 


% 














* 


o 






* 


LO 






♦ 










PO 






* 


Q 








< 






* 


23 






4 


Z 






4 








4 


— * 






4 


O (N 






4 


UO nr) 






4 


'W "W 






4 


Q < 






4 


C PC 






4 


33 PU 








Oi < 






Z 


Z % 






0 








H 


CN 






to 


O no 






< 


in ^ 






s 


W CD 






03 


Q <3 






0 


h 4 an 








< < 






z 


z % 






H 


% H 














&H 


o ^ ^ 






3 


r)U0Qo» 






PU 


3E3'^C % 






Z 


MPOMCO 






H 


fcO %CO 








PC>d; Q % 






4 


Dqsw<>: 






4 


03 %Q3P0 






4 


^S3 






4 


PCoQ< 






4 


CNUOCNhI 




<T» 0 


4 


C'^«< % 




P^Ot- 


4 


WZJ ^33 


0 


r^ # 1 0 


4 


C3><Qrt; 


f 


uoow • 


4 


r-3:f^W 


0 


o>^oo 


4 


C O 4 <p PQ 


noo 


(Nno #0 


4 




0 


t 1 


4 




II • 


ocNr>* 


4 


00 00 00 GO 


UOCNCN 


• \uo II II II 


4 


^ ^ 


< nonouOOZ 


4 




Q II 


II -<hP}Q 


4 


c rt: >< ^ 


z: II II II 


II II Z<<3 


4 


ww ww 


<JtO 


MOisac 


4 


02 03 03 03 


h^co z hJ aPbp; 04 03 03 03 


4 



3 

Q 

< 






PQ 

< 

X 

Oi 



OQ 

Q 

< 

s: 




Q 



HMHH 


a 


Q 


M 




w 


z 




Ci-iCQr^Q 


03 


M 


CNhO 


QC3QQ 






4 < 


rt:<< < 


4- 


4 


4 ZH 


so 33 33 53 






S3'^P14CNJ 


4**4 


Z 




M04 


0000 




Z 




• f t #HMMMHHHMCMCMflOPQ3r5QQC3 


H 


4 0 -^ 


^ ^ ^ ^ Oi 0» C_i C-I Oi O 4 


Oi r- CN ^ rvj ^ CN ^ J 




0 Ci3 


.III 1 \N\WW 




4 


CNi-JQ30 








4 Q\CD 



pqc* *CL 4 (juaQn 3 rD 3 C 5 Q 

E-^ 3 G <; <c <c <;3 > 633 #cC icaj <; H 

CO Qj OOO O PC K 32 3 C 33 K 3 S Jx: 

% • • t t PLi Qj di 04 Qj PU Cm 

O O O 

C 

230 '-' COZCOSSCOZCOZS 

WsOQ II II II IIQHOMOMQM 
^ wca utou^ucocjco II 

in < Q Q PO Q Q Q Q 

II 



******* 3 acoa 3 PO* 
pqwssW 

MMHHmHm ^ zo 

4 » + + E-« 0 «J 2 • 

CmCQCQsPCQQ pc #ho 

h^^h-I^i-IhOhOCi-iCmCm^ OO << 
<<<<<<;>c 3 ;pqC 0 S 2 ! 3 C 0 ^Q # 
s 3 ssa:: 33 Sscc:cc 3 HMQ i '--ny 

Ci) 

II II II II II II II II II II II II II II • 



%' — ^-'■’^-^11 II II II II II II II 
MQ^-4i4CQ3D Ci 

<HH 0 hJ»- 3 H^t^CMCQCQO 3 P 0 QCM 
O W ^ <s: rt3 < <s: ^ CN ^ CN ^ (N ^ CN W 
^ccroacss 3 :<j:<;,<<s:c«i> 6 i<cc 

O PC 
Q Oi 



|j^ CQ CQ :d PC Q Q 

SCO?GWSC 0 :CWM 

MPCHCc:M 03 MCCO 5 



M M MCC 

53 s >ct: < z 
mms s:plim 



u 



uuu 



u u 



cNrocrm 

T-r-T-f— ^^r-^CNCN(NCNCNCN(N 



r*^oo onot— rgm zr»-n -Ot^ooo^o’" CN^ ^'-n'^r^ccc> o 

(NCN CN<^ po no rn m no rn no m no ■ 3 ’ ^ co lolou^lo 



114 







- J H 












.i-^iM 










CN'-' ^ 




CN^ ^ 




CN'^ 




CN^ ^ 










* fu» 0 




■»• CQ 0 




•«• 0 0 




* X 0 










^ h-?h nn f 




•«• Wh un • 




# X H P** t 




* xh o> • 






^0 




Due O4 0 


0 


X«< O4 0 


0 


OCX 0 


0 


OCX 0 


0 




• 




SZ 3 * 000 


ff 


SX* OCO 


• 


xx* ox 


1 


XX* 1 -ox 


t 




OO 


0 


H'— -^Hr- 


0 




0 


H^WXHr- 


0 


M'-^— ^^H^ 


0 




Eh 00 


t 


O-i^ 1 


CO 


0-^ 1 


00 


1 


X 


0^ 1 


X 






0 


4 i i-puiOO^ 


r— 


+ i-CQoO^ 


r— 


> •-000— ^ 


r- 


^ 1 -XOO^ 


r— 




0 1 


00 


0 WHOM 




OWHOM 




OWHOM 




0 w H 0 M 








J— 


CNOW ^ 


-♦i 


CNO03 ^ 


-♦• 


CNQX ^ 


-f 


CNOX ^ 


* 




H 




•rt' 




# W\ 0 -hXi 




i*. 




* MXO 






— 


+ 


Q W 0 < 




* QCQO «< 




•«• xoo c 




* QQO C 




2 


<< 




ox 


H 


X^S OX 


M 


O--0S ox 


H 


Q'^sa ox 


M 


H 


ox 




W M^ *04 




W «04 




X M— ^ «x 




W M^ tOi 




% 


•04 


M 


cc* ^ 0^ 


w 


CC-M- O*-^ 


X 


2 * 0^ 


0 


X* 0^ 


X 


W 


O'^ 




^ 20 


-< 


20 


c 


20 


C 


20 


c 


X 




< 


Eho< t • II 


X 


HOC • f II 


X 


Hoc • • II 


X 


HOC # • II 


X 




• II 


rc 


05 «EhOW 


04 


« «HOW 


X 


X iHOW 


X 


X «HOW 


X 




w 


04 


0 * 0 -^ 0 




OOC CD^ 




Ooc 0^ 




0*0 c 0--^ 




X 






erjr-Q • 


II 


enr-O • fM 


II 


X^“Q • «M 


II 


C/)r-X # «M 


II 


H 


• H 


W II 


Q 1 >-Tjq ^ 


w 


Q 1 ww w 


w 


Q 1 >-X ^ 


w 


X 1 '-H- 


w 


X 




oww^o^ 


OfflXvOO— ^ 


CDOXXX^ 


OQX1— 


0 


2 




2 ^ 


II II II #x<c 


2 H 


II II II «XC 


XM 


II II II tXC 


2 M 


11 11 II • xc 


2 H 


U 


HXQMhW 


1 NXCH*^^ 


1 w 


HXOM'-^ 


1 MXOH^-^Q 




'G2&-I OO 

ou 



-SJ25HMM W 
2 : H Pm 
Qj H CQ CQ CQ 
Z»-3Q'< 

O ^ S Ixh 
CjSS^OiM 



2L<3MMH W 
O O X H *^—-^02 Cx 4 

2 h4Q*33 

O-c-ont*-' 

cj 2: x: a» M 



2<2HHH W 
O O 3:: H U 4 

O u cu E-* 1=:: Q Q 

0<«3:2 Pm 
CJ^CrjOiH 



W 



2C2 
OOXH 
CJJUOiH 

2M2 

U <3 Eh 
2 

O 

u 



r- rsj 



no 



uO kO 



00 



r- O 



ON 



lO ^ CO <J> o ^ (N no : 3 ' lO vO 00 c> O ^ rsj m ^ '- n 'sO r^ CO O ^ (N no ^ lD ^ 00 0 > O r- (N PO : 3 ' lO ■ ,0 00 o> O ^ (N 

LO uo ui ld uo vo ^ ^ ^ va p> r^ r* r^ r^ p** r^ CO 00 CO 00 00 CO 00 00 00 00 o> (T> o> o> o> CO o> o> o> o o o 



UCJ 



115 



♦♦♦♦**** PROGRAM TO NORMALISE THE MAG. AND PHASE ♦♦♦♦♦♦♦♦♦* 

















CN 






cn 






0 




r— 


rn 


T— 


CN 


n 


CN 




m 


m 


0 


rn 


0 


CN 






CN 






CN 




•:r 


CN 








o 






o 






o 






0 




O 


EH 


o 


O 


EH 


O 


O 


EH 


o 


0 


H 


0 


EH 




eh 


Eh 




EH 


H 




Eh 


EH 




Eh 




o 






O 






O 






0 




O 


z 


O 


O 


z 


O 


O 


z 


O 


0 


CJ5 


0 


z 




Z 


Z 




Z 


Z 




z 


e> 






















































Q 




-51 


Q 




<3 


Q 




c 


Q 




<tj 


C 


<3 


z 


<3 


< 


Z 


-S3 


<3 


z 


C 


< 


Z 


z 


z 


04 


Z 


z 


z 


Z 


Z 


z 


Z3 


Z 


04 


03 


03 


z 


z 


z 


z 


z 


Z 


z 


03 


03 


« 


























t 


• 


• 


f 


• 


• 


0 


• 


• 


1 


f 


• 


w 


w 


pq 


w 


z 


w 


w 


w 


w 


W 




w 




z 


z 




z 


z 




z 


z 


1 


• 


Cj? 

• 


• 


• 


• 


• 


• 


9 


9 


• 


1 
























_ 








H 


M 


H 


H 


iH 


M 


H 


H 


H 


M 


H 


M 






W» 




























z^ 


z ^ 


Z 












OH 


h^H 


<*3H 


Zm 


♦-3 M 


< M 


QM 


ZM 


-5lM 


< M 


<H 


ZH 


<3^ 


< w 


Z^ 


O 


< w 




<3'-H 






a:^ 




Oi'--' 


ZU4 


ZCm 


0|fr4 


zz 


ZZ 


ZZ 


ZZ 


53Z 


ZZ 


Z Q 


Z h- 3 z 


c 


Z Q 


Z h3 


Z -S3 


z Q 


Z Z 


z < 


Z Q 


z z 


<3 Z 


^ • <3 


^ iC ^ iZ 


H #.C< 


^ »-a3 


•» iZ 


•• i-s; 


^ i<3 


•fc 9 03 


»» $< 


I -33 ^ • Z ^ 


r-HS 


^Enac 5 - 


EH 04 


^E-tZ 




^H04 


i-e-»z 


Z 


^Eh Z 


^ H Z 


^Ehz= ^ 


EhZ f- 


0 


0 W 


Q 


O 


O W 


o 


o 


o w 


o 


O 


o z 


o 


II Z II 


II z 11 :d II 


z II 


II z II 


II Z II Z II Z II 


11 z II 


11 z II ro 


II Z II 


II Z II 


II z II 3 II 


Z II II 


. W 


• z 


• pq 


• w 


• z 


• z 


• w 


• z 


• w 


• Z 


• z 


9 Z 


M '-'Q M M M 


Z H Z H H M Z M Z M '-^>-3 M M Z H '^Q Z M H H 


^<ZM 



rtjz; =2: -«s:z -s:h 32Z 

O &H 3C M o Dm s Z o 1*4 04 M f— !X| t: H ^ zr Z t- C *4 Oi M CN Ct, x: M CN Ii 4 s z CN iXi a. M rn (X» SI H ro &-» S-: Z on Ci-t CU H 

rvj H q: &H rn H 03 O -=r H OS EH fN H cs 6H ro M 02 O ^ M c« 6 h CM H o: Eh n-> M cc o ^ M 03 Eh CN M 03 H H CC O ^ M cc H ^'N 

ZCJZZCJZZCJZZCJZ 

o 00 o 00 00 o 00 00 o 00 00 o 00 

Q CJQ Q OQ CJQ Q OQ OQ Q OQ CJQ Q DQ 



O 



o 

CM 



O 

rn 



O 



CN 



m 



CN 

CN 



CN 

m 



CN 



rn 

CN 



PO 



rn 



pocr iD'or^cocTNo^cNcn^un or^ooa>o^cNPO^u^'or^oocj>o^cNPo^i-Oor^cDo>o^cNcn:=j uDsor^coo^o^ 

OOOOOOO5— T-f— r-f— t— t— ^f-rsj(NCNCNCNCNCNCNCNCNn^cnf^cn<^Pn ^ ^UDlD 



116 



* 

* 



w 

ca 

H 

<3 

2C 

CCi 

o 





cr 




::r 


no 




CN 


O 


:3' 


o 


H 


Q 




O 




o 




O 


o 




CJ 








« 




< 


< 




z 


£3 


s 


04 


C3 


05 


05 


• 


• 


• 


W 


W 


w 


H 


C3> 


(J 


• 


• 


• 








H 


M 


M 



QH 



Q- 



Q- 
*a:K 
3:: ' 



asQ 


EQ OiQ 


05ECLI 


Ci 


Z ^ Z < 


Z 


• c 


% fC % 


^11 II II 


HS3 


t-HE ^PhOi 




O 


O W Q 




25 II 


H =2; II =3 II z II 


II 



<33M-a:33H*a:33 

Oi ai Dj 

\ I Q\ I Q\ I 
>■< . 

CQCQQ3D3QQQ 

»«C 33 S »<33 x: < x: 
S3 05 33 Oi Cd s cu 



II II II II II II II II II II II 



IHHmMMHHMHH-ih 




• w 

<2 2: 

HQSenrnH 

25 

oo 

UQ 



<tJH 

sz 
G30 
CJ 



^frn 

O 

Q 



:=)HOh^*<Q 
03Z <-a:a:c 

Q^HOESO^s: 
PSHlOSSZZZ 



&^Cj^CQCQCQ0033Qf^ 

<3:rt3<J2:'<<33«a:^ 

Ed<232cais:2:ai^s 

zzizzaszzzzz 



OO 

UQ 



o w 

C3D 

:c z 
QjH 

z:£h 

z 

O 

u 



Q 

z 

<< 

s: 

03 
O 

Oh 

CO 

z 

05 

H 

05 

cq 

M 

05 

3D 

O 

W 

H 

0 

01 
33 
O 

u 

Q 

H 

Z 

< 

05 

O 

o 

05 

04 
-«• 



12 



S3 

% 

«< 



U 

rv4 

Ci^ 

(X4 

«< 

U 




o 

O 

H 

O 

o 





H 






04 


hO 






<1 


00 


* 


E 


1 




03 


Ci3 


W 




o 


03 


t 


« 


% 


W 




S 




1 


H 


• 




— 





■< M 
S3 ^ 



Z II .^<3 II II II 


O^ z < 


% <?;e 


• 1 ^ *E 


^CjJ M , 


OU Cx^ 


H05CMHH 


vOOO O 


II W 


no • • II z II 


o II II <c,^<w 


1 t 


M-a: z<33:z) 


M 


EUEOiEG^Z 


II II II <c 


OCa5M«<lA4b-iM 


OCAtE 


VO H 


CK^Qr^Mcrj 


z 


Z <C <2 


o o 


OjEEO 


Q O 


05 03 05 u3 



w 



(N 






:3’ 



O 

lOOUCJCJ u 



O 

sOO 



o 



CM no ^ un 'X> 00 <Ti O f— CN in O GO CT> O ^ rN m lO ^ OD <Ti 

LO LOUD UOI-O lOUO 00 O vO ^ O VO s 



o 

CO 



»-cN'^ ^vn jor^GO oOt-:N<'0 ^UO 
00 00 00 GO 00 00 00 GO aoo>a>o>;7^crKjv 



117 







H H 


M 












•W '■W 














O 


N-) 












< X 














53 04 


23 ^ ^ 












2 Z 


^ H H 












% ^ 
















^ Q <1 










-»• 


H M 


H <1 X 










<»> 




w s O 4 










* 


Q Q 


0 H % 










* 


Q < 


•-J 












< X 


C M H 










♦ 


53 04 


X3 ^ 










* 


2 2 


Z Q 0 










# 


^ % 


^ Q C 










> 




<J X 










* 


M H 


H S X 










# 


-w 


^ % 












X 33 


X ^ ^ 










<»> 


Q <C 


H M 












< X 


w w 










<«> 


S 04 


X 0 X 


H 










2 2 


20 c 












% 


% ^ X 


X 






o 


‘tt' 


A ^ 


X X 


< 






00 




H H 


fH ^ % 


X 










w 




X 






o ^ 




^ CD X 


X H M 


2 






EH ^ 




M Q < 


X 


% 










<J X 


C X X 


— 






O H 




Q S O 4 


53 Q < 


M 




LO 




c 


< 2 ^ 


2 < X 


W 






h-J 


EH 


x: ^ 


^ 2 X 


Q 




(NHH 


^ «*: 


c 


^ ^ 


% % 


e 




X^ 


< sj 


Q 


^ H H 


M ^ ^ 


3C 




O-lt Q 


:i: 




H — ' ^ 


w H M 


X 




EH^«< 


04 25 


H 


w Cu Oi 


X 


2 






03 


3 


< Q < 


XXX 






ocvx 


-S3i--50 


04 


33 <tJ X 


<! X C 


,*— s 




0 * 2 


t 32 <dt— 


EH 


O 4 2 Oi 


sex 


pH 




0 % 


W OiSO 


=3 


% 2 2 


2 X X 


•w 




• 23 


CJ 03 050 


o 




^ % 


e 




--wo^e 


• 1 \nq 




H ^ ^ 


^ ^ ^ 


X 




X . 1 w 


■,_ _o 


* 


w H M 


M M M 


X 




Xr->-^ 






a, ^ w 


<w w 


X 




«• 2 


M *■ 




PO Of Oi 


XXX 


2 




2 : iM^ 


^ <C^O 




H w W 


W W X 


% 




*-^xo 


nz< # 




CO Eh Th 


EH EH FH 






\xxo 


33 H 04 230 




— ^ CO cn 


XXX 






— * #eLO 


Oi'^ 


<«• 


0 








e Q ^ 


&H-S3 




2r- 2 ;^ 2 :^ 


2^ 2^ 2^ 


20 




2 C|Ol^X 


Z 33 2 II nil 




^ ^ «0 ^ C3 


^ *0 ^ ^ ^ VD 








% • O % 




0 ^ ^ O^CN Of-cn 


O^Ul O’-O 


O^LO 


0 


xe • 11 


r-HCH 


<»• 


0 vQ 0 LO 0 LO 


0 LD 0 LO 0 LO 


0 % 


0 


XEh X w 


O MHM 




imi LO II % LO II % 


LO II ^ ir> II % LO 11 % 


LO II M3 


LO 


II ^ OSHX 


11 Z II II 


* 


% 0 ^ 0 


% 0 ^ ^ H X 


^ -wv- 




b<52 eM2 


• u -<^QW 


•It 


vX)M W ^ WM3 


iWXM 


M ro M 3C < c o 


•It 


^ =hX'^ cqo^ MX 


W ;qo>^ XX^ XX 






Xz Oi2:23Z 


•It 


OM2 OH2 OEh2 


OEH2 0£h2 OE-12 


OM 


23 \ 


t-O II 2S 


o Ct4 Cl4 M o &H CtH M 


# 


WOXHWr-MM WCMMMPqnMMW^MMWlDHHW^X II HW2-tCM O 


ooHoseHozzasH 


-It 


35 Eh Eh^X H W H EH’- X H Eh^ X H6h^ X H EhCN 3c :i5 H H 


XCMOM U 


2 2 


•It 


M 2M aXM Z2M 22M 3C 2 M ^2 


M 


2M II 


II 


o oo o 


* 


«0 OXQ QXO 0X0 QffiO 0X0 O^^O 


OX 


0 


Q OQ a 


•It 


3CQ LJ3C) 03tQ UZQ U2iQ tJ3Q CJ3«Q 


Cjcs 







0 


0 


0 


0 


0 


0 


0 


uO 


0 


0 


0 






cn 


=T 


lO 


r— 


t— 


00 


OUOCJ 














CN 


CM 



or^ooc7>o^rsirn ri* 

oo oo o 

t— r- r- r- CN rsj CM CN CN 



LO^r^oocTkOf— cNm^rm -0r^Q0<T'O^<^nn'=yL0^p^Q0cr>o^— or^cocr^o’”^ 

oo o o o ^ ^ ^ ^ ^ ^ r- CN CM CM cN fNcN CN CN ^ cNf^ rn rn rn rn ro ^ ^ ^ 

CN CM CM CN CM fN CM CM CM (N fN CN < N CM fN CN fN CM CN CM CN CN CN 'N <N rsi CN <N CM fN CM CN CM rM CN CN 



118 



uO 

CN ^ 
CN H 

OCT^Q 

HCN<5 

•If % 



cn #OlW 

COr-'-^ 

2 

2 tH ^ 



^ #<3lO 
<C Q 

%32 

r-<3 « II 



CN m m on lo ro 

!••••••« 

ooooooooo 

^ Pi^Pt4|j<iPu(:£4^ 

O %^O^^^VD^CNCN 



,-JH WU O • - %%%%%%%• 

ii*Qs:h= 5 tr> r- •••••••GO 

^ • [X, 

fCx4ajH4-WsO -••--- o^ 



I 

II 25 O II 
Moro tUi 

rNCDiM 

2; II 

o o 



2 II 2 hHHHHHHEhHH 

o MW < <C -*5 <J -a: «*5 rtj <3 <C <C 
CJ^HeHQ4aC23E22SS222 
2MQcriQ3a3cccciJ5o:Q5o:cc 
O03t-‘OOOOOOOOOO 
CJ3^WWWWWWWWWW 



Q 

25 

w 



o 


tn 


o 


OOOOOOOOOo 


CN 


CN 


rn 


o ^ CN or) ^ in vO 00 CJ^ o 


CN 


CN 


CN 


in in m lo in m in cn vo 



cT in ^ r* 00 o ^ CN IT) CO cn o ^ CN ro ^ VO 
^ ^ ’^T LommLnuo^LO ui ^ .o sO o vO ^ 

CN CN CN CN CN CN CN CN < N CN CN CN CN CN CN CN <N CN CN C>J ^ C'^l CN 



119 



LIST OF REPBEBMCES 



Paul- J. Meier, ” 
in the E-Pl 
Tran satiop on 
■/26-V32, Octob 



Millimeter Integrated Circuits Suspended 
ane of Rectangular Waveguide," I£EE 
Microw ave Theory and Tech n iques . pp. 
er 1978. 



Arvind, K.S 
Design, " 
Techniques 



harma, "Empirical Expression for Fin 
I EEE Trans actions on Microw ave The or y 
, pp . J5U-3557 T'583. 



Line 
an d 



H. A. Hammening, "Implementing a Near-Field Antenua Test 
Facility," Mic r owave Jou rna l. pp. 44-55, September 



C.f. Stubenrauch,and A . C. Newell, "Some Recent Near Field 
Measurement at NBS," Microwave J ourna l. pp. 37-42, 
November 1980. 



John.R. Musitano, FinLi^e Hoj;n Antenna. M.S. Thesis, 
Naval Postgraduate S’c'Eool, Honterey, California, 1984. 



W . A. Ham mening, " A Laser Based, Near Field Probe 
Position Measurement System," Microwave J our nal. pp. 
91-101, October 1979. 



D.W. Hess, "Spherical Near Field Antenna Measurements 
Improved Through Expanded Software Feature," M^ & CT, 
pp. 64-83, March 1985. 



Kenneth , R. Grim m , "Antenna Analysis by Near-Field 
Measurement," M icr owave Journal, pp. 43-45, April 



L . Thour el. The A n te nna . pp. 239 - 250, John HileySsons 
Inc, 1960. 



Om.P. Gandhi. Micro wave Engin eer inq an d App l ic ation. 
Pergamon press'^ T^B5. 



Adalbert Beyer and I ngo Wolf f , " FinLine Taper Design 
Made Easy," IEEE Transactions on Microwave Theory and 
Te chnique s, pp. ^BB5. 



Henry Jasik., A ntenna Enqineerinq Ha n dBo ok. pp. 
10.1-10.17, McCraw-Hill, l9oT. 



A .Z. Fr ad in. Microwave A ntennas , 
press, 1961. 



3-22 



PP 



f 



Pergamon 



14 



H andBook 



pp- 10. 1-10. 17^ 



S koiiiik , M. I , Ba dar 
McGraw-Hill , 1970. 



15- Jordan, £-C and Balmain -K.G, 51 ec tromag ne tic Wav es an d 

R adiatinq syst e ms. p. 503, Pren'Eice-Kail Inc. , l‘9B8. 



16. James, W. Rowley , Fin Lj ne Magic Tee, M.S. Thesis, Naval 
Postgraduate School, BcnTerey, California, 1985. 



121 



BIBLIOGBAPBY 



Harry Syriqos and others, "Planer Waveguide Yields mm-wave 
ilocopulse Comparators," Microw aves and EF, March 1984. 



122 



INITIAL DISIBIBOTION LIST 



No. Copies 

1. Defence Technical Information Center 2 

Cameron Station 

Alexandria, Virginia 22304-6145 

2. Library, Code 0142 - 2 

Naval Postgraduate School 

Monterey, CA 93943-5100 

3. Department Chairman, Code 62 1 

Department of Electrical Engineering 

Naval Postgraduate School 
Monterey, CA 93943-5100 

4. Professor Jefferey B. Knorr, Code 62Ko 2 

Department of Electrical Engineering 

Naval Postgraduate School 
Monterey, CA 93943-5100 

5- Professor Hung-Mou Lee, Code 62Lh 1 

Department of Electrical Engineering 
Naval Postgraduate School 
Monterey, CA 93943-5100 

6. LCDB Mumtaz ul Hag PN 2 

4 cnauburji Park 

Multan fioad Lahore 
Pakistan 

7. LCDB James W. fiowley USN 1 

6691 675th Avenue West 

Cak Harbor, Washington 98277 



123 



f 





2:.GS2S 

Thesis 

H20473 Haq 

c.l Finline horn anten- 

nas. 



2'_G32S 

Thesis 

q'>0473 

Pinline horn anten- 



ri3s • 



